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Description 

Background of the Invention 
Field of the Invention 

[0001] The present Invention relates to a photosensitive composition that Is used In the production step of semicon- 
ductors such as IC, the production of circuit boards of liquid crystals, thermal heads, etc., and other photo-fabrication 
steps and for lithographic printing plates, acid curable compositions, radical curable compositions, etc. 

Description of Related Art 

[0002] Photosensitive compositions are a composition that generates an acid or radical by extemal stimulations such 
as actinic rays and changes physical properties of a site to be stimulated by its reaction. More preferably, photosensitive 
compositions are a pattem fomiing material that changes dissolution of Irradiated areas and non-Irradiated areas by 
actinic rays in a developer to fonri a pattem on a substrate. 

[0003] As such photosensitive compositions are enumerated chemical amplification resist compositions containing 
an acid generator capable of generating an acid upon irradiation with actinic rays. 

[0004] With respect to such chemical amplification resist compositions, JP-A-2002-1 1 6546 discloses a composition 
containing a mixed acid generator of an oxoalkylsulfonium salt having no substituent in a methylene moiety and a 
triarylsulf onium salt or a diphenyliodonlum salt; J P-A-2001 -1 87780 and EP-1 1 1 3334 disclose oxoallcyl group-containing 
sulfonium salts; and JP-A-1 0-1 33371 and JP-A-1 0-7391 9 disclose 2-oxo cyclic allcyi group-containing sulfonium salts. 
However, though these oxoall^sulfonium salts have high transparency against rays of not longer than 220 nm, they 
have a low ability to generate an acid. Therefore, there was involved a problem such that sensitivity is lowered. 

Summary of the Invention 

[0005] Accordingly, an object of the invention is to provide an add generator that has a high transparency against 
rays of not longer than 220 nm, has an enhanced photodegradatlon ability as compared with conventionally known 

acid generators, thereby revealing high sensitivity, and has a good resist profile. 

[0006] The invention has the following constructions, on a basis of which has been attained the foregoing object of 
the invention. 

1 . A photosensitive composition comprising a compound capable of generating an acid upon irradiation with an 
actinic ray, the compound being represented by the following general formula (1): 




R2 Y 

wherein represents an alkyi group; 

R2 represents a hydrogen atom, an alkyI group, or an aryl group; 
Y represents an alkyI group; 

Yi and Yg may be the same or different and each represents an alkyI group, an aryl group, an aralkyi group, 
or a hetero atom-containing aromatk: group; 

and R2 may be bonded to each other to form a ring; 
R2 and Y may be bonded to each other to fomn a ring; 
Y^ and Y2 may be bonded to each other to fonm a ring; 

two or more structures of the general fomiula (I) may be bonded to each other at any position of R^, R2 or 
Y, or Y^ or Y2 via a connecting group; and 
X- represents a non-nucleophilte anion. 
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2. A positive photosensitive composition comprising: 

(A) a compound capable of generating an acid upon inradiation with an actinic ray, the compound being rep- 
resented by the following general fomnula (I); and 

(B) a resin that Is decomposed by the action of an add to increase its solubility In an allcaline developer 




wherein represents an alkyi group; 

R2 represents a hydrogen atom, an alkyl group, or an aryl group; 
Y represents an alkyl group; 

and Y2 may be the same or different and eachVepresents an alkyl group, an aryl group, an aralkyl group, 
or a hetero atom-containing aromatb group; 

and Rg may be bonded to each other to fonm a ring; 
R2 and Y may be bonded to each other to form a ring; 
Y^ and Y2 may be bonded to each other to fonm a ring; 

two or more structures of the general fomnula (I) may be bonded to each other at any position of R^, R2 or 
Y, or Y^ or Y2 via a connecting group; and 
X- represents a non-nudeophlllc anion. 

3. The positive photosensitive composition as described in the Item 2, wherein the resin (B) contains a hydroxy- 
styrene structural unit. 

4. The positive photosensitive composition as described In the Item 2 or 3, wherein the resin (B) contains a mono- 
cydk: or polycyclic aik:yclic hydrocart)on structure. 

5. The positive photosensitive composition as described In the Item 4, wherein the resin (B) further contains a 
repeating unit having a lactone structure. 

6. The positive photosensitive composition as described in any one of the items 2 to 5. wherein the resin (B) 
contains a fluorine atom. 

7. The positive photosensitive composition as described in any one of the items 2 to 6, whk;h further comprises 
(C) a dissolution inhibiting compound having a molecular weight of not more than 3,000, which is decomposed by 
the action of an acid to Increase its solubility in an alkaline developer. 

8. A positive photosensitive composition comprising: 

(A) a compound capable of generating an acid upon inradlation with an actinic ray, the compound being rep- 
resented by the following general fomiula (I); 
(D) an alkaline devetoper-soluble resin; and 

(C) a dissolution inhibiting compound having a molecular weight of not more than 3,000, which Is decomposed 
by the action of an acid to increase its solubility in an alkaline developer: 
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wherein represents an alkyi group; 

R2 represents a hydrogen atom, an alkyl group, or an aryl group; 
Y represents an alkyl group; 

and Y2 may be the same or different and each represents an alkyl group, an aryt group, an aralkyi group, 
15 or a hetero atom-containing aromatb group; 

and R2 may be bonded to each other to form a ring; 
R2 and Y may be bonded to each other to fomi a ring; 
Y^ and Y2 may be bonded to each other to form a ring; 

two or more structures of the general fomnula (1) may be bonded to each other at any position of R^, R2 or 
20 Y, or Y^ or Y2 via a connecting group; and 

X- represents a non-nucleophilk: anion. 

9. A negative photosensitive composition comprising: 

25 (A) a compound capable of generating an acid upon inBdiation with an actinic ray, the compound being rep- 

resented by the following general formula (I); 

(D) an alkaline developer-soluble resin; and 

(E) an acid crosslinking agent capable of crosstinking with the alkaline developer-soluble resin by the action 
of an acid: 
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wherein R^ represents an alkyl group; 

R2 represents a hydrogen atom, an alkyl group, or an aryl group; 
Y represents an alkyl group; 

Yi and Y2 may be the sariie or different and each represents an alkyl group, an aryl group, an aralkyi group, 
or a hetero atom-containing aromatk: group; 

R^ and R2 may be bonded to each other to form a ring; 
R2 and Y may be bonded to each other to fomi a ring; 
Y^ and Y2 may be bonded to each other to form a ring; 

two. or more structures of the general fonmula (I) may be bonded to each other at any position of R^, R2 or 
Y, or Y^ or Y2 via a connecting group; and 
X- represents a non-nucleophllic anion. 

10. The photosensitive composition as described in any one of the items 1 to 9, which further comprises (F) a 
basic compound. 

11 . The photosensitive composition as described in any one of the items 1 to 10, which further comprises (G) a 
surfactant containing at least one of a fluorine atom and a silcon atom. 
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12. An acid generator represented by the following general formula (I): 
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wherein represents an alkyi group; 

R2 represents a hydrogen atom, an alkyI group, or an aryl group; 
Y represents an alkyI group; 

IS and Y2 may be the same or different and each represents an alky! group, an aryl group, an aralkyi group, 

or a hetero atom-containing aromatk; group; 

and R2 may be bonded to each other to form a ring; 
R2 and Y may be bonded to each other to form a ring; 
Y^ and Yg may be bonded to each other to fonn a ring; 
20 two or more structures of the general formula (I) may be bonded to each other at any position of R^ , R2 or 

Y, or Y^ or Y2 via a connecting group; and 
X' represents a non-nudeophilk: anion. 

13. A method of fonming a resist pattem, which comprises: fomiing a film including the photosensitive composition 
25 described in any one of the items 1 to 1 1 ; irradiating the film with an actinic ray; and developing the inradiated film. 

14. The photosensitive composition as described in the item 10, wherein the basic compound (F) Includes one of 

a compound having a structure selected from the group consisting of an imidazole structure, a diazabicycio 
structure, an onium hydroxide structure, an onium carboxytate structure, a trialkylamine structure, an aniline struc- 
30 ture and a pyridine structure, 

an alkylamine derivative containing at least one of a hydroxyl group and an ether bond, and 
an aniline derivative containing at least one of a hydroxyl group and an ether bond. 

1 5. The photosensitive composition as described above, wherein each of the R2 and Y In the fonnula (1) represents 
35 an alkyI group having 1 to 20 cariran atoms. 

16. The photosensitive composition as described above, which further comprises at least one of an arylsulfonlum 
compound and a compound having a phenacylsulfonium salt structure. 

40 Detailed Description of the Invention 

[0007] As the photosensitive composition of the Invention, can be enumerated positive photosensitive composrtk>ns 
and negative photosensitive compositions. 

[0008] The positive photosensitive composition of the invention, and more preferably a positive resist composition, 
45 comprises (A) a compound capable of generating an acid upon irradiation with actinic rays, which is represented by 
the foregoing general formula (I) , and (B) a resin that is decomposed by the action of an acid, whereby its solubility 
in an alkaline developer increases, and further comprises (C) a dissolution inhibiting compound having a molecular 
weight of not more than 3,000, which is decomposed by the action of an acid, whereby its solubility in an alkaline 
developer increases, if desired; or comprises (A) a compound capable of generating an acki upon inradiation with 
50 actinfc rays, which is represented by theforegoing general formula (I), (D) an alkaline developer-soluble resin, and (C) 
a dissolution inhibiting compound having a molecular weight of not more than 3,000, which is decomposed by the 
action of an acid, whereby its solubility in an alkaline developer increases. 

[0009] The negative photosensitive composition of the invention, and more preferably a negative resist composition, 
comprises (A) a compound capable of generating an add upon inradiation witii actink: rays, whbh Is represented by 
55 the foregoing general fonnula (I). (D) an alkaline developer-soluble resin, and (E) an acid crosslinking agent capable 
of crosslinking with the alkaline developer-soluble resin by the action of an acid. 
[0010] The invention will be described below in detail. 

[0011] (1) (A) Compound capable of generating an acid upon inradiation with actinic rays, which Is represented by 
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the general formula (I): 

[0012] The photosensitive composition of the Invention comprises a compound capable of generating an acid upon 
irradiation with actinic rays, which is represented by the general fonnuia (I). 

[0013] In the general formula (I), represents an atkyi group; R2 represents a hydrogen atom, an al]<yl group, or 
5 an aryl group; Y represents an allcyl group; and Yg may be the same or different and each represents an allcyl group, 
an aryl group, an araikyi group, or a hetero atonvcontaining aromatic group; and Rg may be bonded to each other 
to form a ring; R2 and Y may be bonded to each other to fomi a ring; Y^ and Y2 may be bonded to each other to fomi 
a ring; two or more structures of the general formula (I) may be bonded to each other at any position of R^, R2 or Y, or 
Yi or Y2 via a connecting group; and X" represents a non-nucleophiiic anion. 
10 [0014] The alkyi group represented by R^, Rg, Y, Y^, and Yg is preferably an aikyi group having from 1 to 20 carbon 
atoms. Examples include linear, branched orcycik: alkyI groups such as a methyl group, an ethyi group, a propyl group, 
an n-butyl group, a sec-butyl group, a t-butyl group, a cydobutyl group, a pentyt group, a neopentyl group, a cydopentyl 
group, a hexyl group, a cyciohexyl group, a heptyl group, an octyl group, a nonyl group, and a decyl group. 
[0015] The aryl group represented by R2, Y^ and Yg is preferably an aryl group having from 6 to 14 carbon atoms. 
IS Examples include a phenyl group, a tolyl group, and a naphthyl group. 

[0016] The aralkyi group represented by Y^ and Y2 is preferably an araikyi group having from 7 to 12 cari^on atoms. 
Examples Include a benzyl group, a phenethyl group, and a cumyl group. 

[0017] The hetero atom-containing aromatic group represented by Y^ and Y2 is preferably a group in which an aro- 
matic group (such as an aryl group having from 6 to 1 4 cartDon atoms) contains a hetero atom such as a nitrogen atom, 
20 an oxygen atom, and a sulfur atom. Examples include heterocyclic aromatic hydrocartson groups such as furan, thl- 
ophene, pyrrole, pyridine, and indole. 

[0018] R^ and Rg, or Rg and Y may be bonded to each other to fomn a ring. The group fonmed when R^ and R2. or 
R2 and Y are bonded to each other is preferably an alkylene group having from 2 to 1 0 carbon atoms. Examples Include 
an ethylene group, a propylene group, a butylene group, a pentylene group, and a hexylene group. Further, the group 

25 fonned when Ri and R2, or R2 and Y are bonded to each other may contain a heteto atom. 

[0019] Y^ and Y2 may be bonded to each other and taken together with S-** in the general fonnuia (I) to fonm a ring. 
Exarnples of groups fornied when Y^ and Y2 are bonded to each other include alkylene groups having from 2 to 10 
carit)on atoms, preferably a butylene group, a pentylene group, and a hexylene group, and partk^iilarty preferably a 
butylene group and a pentylene group. Further, the ring fonmed when Y^ and Y2 are bonded to each other and taken 

30 together with in the general fomiula (I) may contain a hetero group. 

[0020] Each of the aikyI group, aryl group, araikyi group and hetero atom-containing aromatic group represented by 
R^, R2, Y, Y^ and Y2 may not have a substituent or may have a 8uk>stituent. Examples of sut>stituents which each of 
the alkyl group, aryl group, araikyi group and hetero atom-containing aromatic group may have include a nitro group, 
a halogen atom, a carisoxyl group, a hydroxyl group, an amino group, a cyano group, an alkoxy group (preferably those 

35 having from 1 to 5 cartoon atoms), an alkyl group (preferably those having from 1 to 20 carbon atoms), an aryl group 
(preferably those having from 6 to 14 carbon atoms), and an alkoxycart>onyloxy group (preferably those having from 
2 to 7 carbon atoms) . Examples of substituents of the alkyl group represented by R^ further include an -S^ group. 
In the fonnuia, S*Q represents a ring structure containing S-*^ in the ring and having from 4 to 6 carbon atoms. S-^Q 
may contain a hetero atom in the ring. 

40 [0021] Two or more structures of the general fomnula (I) may be bonded to each other at any position of R^, Rg or 
Y, or Y^ or Y2 via a connecting group. 

[0022] When Y represents an alkyl group, the component (A) has an enhanced photodegradation ability, thereby 
revealing high sensitivity and has a good profile. With respect to the component (A) , In the case where R2 represents 
a hydrogen atom, preferably, Y is an alkyl group having 2 or more carbon atoms, and most preferably, both R2 and Y 

45 are an alkyl group having from 1 to 20 carbon atoms. 

[0023] Examples of non-nucleophilic anions represented by X~ include a sulfonic acid anion, a carboxylic acid anion, 
a sulfonylimide anion, a bis(alkylsulfonyl)imide anion, and a trls(alkylsulfonyl)methyt anton. 
[0024] The non-nucleophiiic anion as referred to herein means an anion whose ability to cause nudeophilic reaction 
Is extremely low and capable of suppressing degradation with time due to intramolecular nudeophilic reaction. Thus, 

so stability with time of resist is enhanced, 

[0025] Examples of sulfonic acid anions include alkylsulfonic acid anions, arylsulfonic acid anions, and camphorsul- 
fonic add anions. 

[0026] Examples of carboxylic acid anions include alkanecartsoxylic acid anions, arytcarboxylk: acid anions, and 
aralkytearit>oxylic acid anions. 

55 [0027] As the alkyl group in the alkylsulfonk: acid anion arc preferable alkyl groups having from 1 to 30 carbon atoms. 
Examples indude a methyl group, an ethyl group, a propyl group, an isopropyl group, an n-butyl group, an Isobutyl 
group, a sec-butyl group, a pentyl group, a neopentyl group, a hexyl group, a heptyl group, an octyl group, a nonyl 
group, a decyl group, an undecyl group, a dodecyl group, a tridecyl group, a tetradecyl group, a pentadecyl group, a 
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hexadecyl group, a heptadecyl group, an octadecyl group, a nonadecyl group, an eicosyl group, a cydopropyt group, 
a cyclopentyl group, a cyclohexyl group, an adanriantyl group, a norbomyl group, and a boronyl group. 
[0028] As the aryl group in the arylsutfonic acid anion are preferable aryl groups having from 6 to 14 carbon atoms. 
Examples include a phenyl group, a tolyl group, and a naphthyl group. 
5 [0029] The all(yl group and aryl group In the alkylsulfonic acid anion and arylsutfonic acid anion may have a substit- 
uent. 

[0030] Examples of substituents Include a halogen atom, an alkyi group, an alkoxy group, and an alkylthio group. 
[0031] Examples of halogen atoms include a chlorine atom, a bromine atom, a fluorine atom, and an iodine atom. 
[0032] As the alkyI group are preferable alkyI groups having from 1 to 20 carbon atoms. Examples include a methyl 
10 group, an ethyl group, a propyl group, an isopropyt group, an n-butyl group, an isobutyl group, a sec-butyl group, a 
pentyl group, a neopentyl group, a hexyl group, a heptyl group, an octyl group, a nonyl group, a decyt group, an undecyl 
group, a dodecyl group, a tridecyl group, a tetradecyl group, a pentadecyl group, a hexadecyl group, a heptadecyl 
group, an octadecyl group, a nonadecyl group, and an eicosyl group. 

[0033] As the alkoxy group are preferable alkoxy groups having from 1 to 5 carbon atonris. Examples include a 

IS methoxy group, an ethoxy group, a propoxy group, and a butoxy group. 

[0034] As the alkylthio group are preferable alkylthio groups having from 1 to 20 carbon atoms. Examples include a 
methytthio group, an ethylthio group, a propylthk) group, an isopropylthio group, an n-butylthio group, an isobutytthio 
group, a sec-butylthio group, a pentylthio group, a neopentytthio group, a hexylthio group, a heptylthk) group, an oc- 
tylthio group, a nonylthio group, a decylthio group, an undecylthio group, a dodecylthio group, a tridecylthio group, a 

20 tetradecylthio group, a pentadecytthio group, a hexadecylthio group, a heptadecyfthio group, an octadecylthio group, 
a nonadecylthio group, and an eicosylthio group. Incidentally, the alkyI group, alkoxy group and alkylthio group may 
further be substituted with a halogen atom (preferably a fluorine atom). 

[0035] As the alkyI group In the alkyk»rboxytic acid anion, can be enumerated those the same as In the alkyI group 
in the alkylsulfonic add anion. 

25 [0036] As the aryl group in the arytearboxylk: add anbn, can be enumerated those the same as in the aryl group In 
the arylsulfonic acid anion. 

[0037] As the araikyi group in the aralkylcarboxyib acid anion are preferable aralkyi groups having from 6 to 12 
carbon atoms. Examples indude a benzyl group, a phenethyi group, a naphthylmethyl group, a naphthylethyt group, 
and a naphthylmethyl group. 

30 [0038] The alkyi group, aryl group and aralkyi group in the alkylcarboxylic acid anion, arylcarboxylic acid anion and 
aralkybarboxytic acid anion may have a substituent. Examples of substituents indude those the same as in arylsutfonic 
acid anion, such as a halogen atom, an alkyI group, an alkoxy group, and an alkylthio group. 
[0039] Examples of sulfonylimide anions include a saccharin anion. 

[0040] As the alkyI group in the bis (alkylsulfonyl) imide anion and tris(alkylsulfonyl)methyl anion are preferable alkyI 
35 groups having from 1 to 5 carbon atonns. Examples Indude a methyl group, an ethyl group, a propyl group, an isopropyl 
group, an n-butyl group, an isobutyl group, a sec-butyl group, a pentyl group, and a neopentyl group. These alkyi 
groups may have a substituent. Examples of substituents indude a halogen atom, an alkyi group substituted with a 
halogen atom, an alkoxy group, and an alkylthio group, with an alkyi group substituted with a fluorine atom being 
preferred. 

40 [0041] Other examples of non-nucleophilic anions indude fluorinated phosphorus, fluorinated boron, and fluorinated 

antimony. 

[0042] As the non-nucleophilic anion represented by X- are preferable an alkanesulfonic acid anion in which the a- 
position of sulfonic acid Is substituted with a fluorine atom; an arylsutfonic acid anion substituted with a fluorine atom 
or a fluorine atom-containing group; an bis(atkylsulfonyl) Imide anion in which an alkyi group thereof Is substltutied with 
^ a fluorine atom; and a trls(aIkylsulfonyl)methyl anion in which an alkyi group thereof is substituted with a fluorine atom. 
As non-nudeophilic anions represented by X~ are particularly preferable perfluoroalkanesulfonk: acid anions having 
from 1 to 8 carbon atoms, and most preferable a nonafluorobutane-sulfonk: acid anton and a perfluorooctanesulfonic 
acid anion. 

[0043] Prefemed specific examples of compounds represented by the general formula (I) of the inventk>n will be 
so given below, but it shouM not be construed that the Invention is limited thereto. 
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(C,F9S02)2N- 
(1-4) 



(CF3S02)3C- 
(1-5) 



-03S 

(1-6) 




\J * 



C16H33SO3- 

(1-7) 



o r*^" 

C4F9SO3- 
(1-8) 



^ CHjCHjOH 

C4F9SO3- 
(1-9) 



C4F9SO3- 

(i-io) 

(1-13) 



O F F 




F F 

(l-ll) 



C4F9SO3- 
(1-14) 



Vx" 



(1-12) 

o Y 
C4F9SO3- 

(1-15) 



CF, 



CFj 



^ sO 



C4F9SQ3- 

(1-16) 



(1-17) 



^ C4F9SO3- 

(1-18) 



C8F17SO3- 
(1-19) 



o -O 



<^ pp. 



CF3SO3- 

(1-20) 



^ C4H9SO3- 
(i-21) 



^sO ^sO X.sO 

^C4F9S03- C*P«S03- A C4F9SO3- 

(1-22) (1-23) «-2*> 
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C4F9SQ3- CF3SO3 



tt-28) 



A A 



0-219 



CF3SO3- CsFiySOa-^ A CgFj/SOs- 



(1-27) 



C4F9SQ3- 

(1-28) 



o r^o 



■O3S 



(1-29) 



CF, 



CF3 



Q 'n-Ci2H25 



(1-30) 



(1-31) 



(1-32) 



A CsFitSOs- 



(1-33) 



(1-34) (I"35) 



o I 

(1-380 



[0044] The compounds of the general fomnula (I) can be used singly or in combination of two or more thereof. 
[0045] The compound represented by the general formula (I) can be obtained by reacting a con^esponding ketone 
derivative with a trialkylsityl halogenide under baste conditions to fomi a silyl enol ether, which is then reacted with 
sulfoxide to synthesize a suifonium skeleton, followed by salt exchange with a corresponding anion. As another syn- 
thesis method can be enumerated a method of reacting a corresponding 2-halogen-substituted ketone with a sulfide 
compound in the absence of a catalyst or in the presence of a silver catalyst to synthesize a suifonium skeleton, followed 
by salt exchange with a corresponding anion. 

[0046] The content of the compound as the component (A) in the photosensitive composition of the invention Is 
preferably from 0.1 to 20 % by weight, more preferably from 0.5 to 10 % by weight, and further preferably from 1 to 7 
% by weight on a basis of solids content of the composition. 

[0047] Acid generating compounds that can be used jointly other than the component (A): 

[0048] In the invention, compounds capable of generating an acid upon irradiation with actinic rays or radiations may 

further be used jointly, in addition to the component (A). 

[0049] The content of the photo acid generator that can be used jointly with the component (A) of the invention is 



C4F9S03-'^ A C4F9SQ3- J: C4F9SO3- 

0-36) kJ 

0-37) . 
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usually from 100/0 to 20/80, preferably from 100/0 to 40/60, and more preferably from 100/0 to 50/50 In tenns of a 
molar ratio (component (A)/other add generator). 

[0050] As the photo acid generator that can be used jointly can be property selected and used photo initiators of 
photo cationic polymerization, photo Initiators of photo radical polymerization, photo color fading agents of coloring 
5 matters, photo discoloring agents, known compounds capable of generating an acid upon irradiation with actinic rays 
or radiations, which are used in micro resists, and mixtures thereof. 

[0051] Examples include diazonium salts, phosphonium salts, sulfonlum salts, iodonium slats, imidosulfonates, ox- 
ime sulfonates, diazosuifones, disulfones, and o-nitrobenzyl-sutfonates. 

[0052] Further, compounds in which a group or compound capable of generating an acid upon InBdiation with actinic 
10 rays or radiations is introduced into a main chain or side chains of polymer, such as compounds as described in U.S. 
Patent No. 3,849,137, Gemian Patent No. 3,914,407, JP-A-63-26653, JP-A-65-1 64824, JP-A-62-69263, JP-A- 
63-146038, JP-A-63-1 63452, JP-A-62-1 53853, and JP-A-63-1 46029, can be used. 

[0053] Moreover, compounds capable of generating an acid by light, as described in U.S. Patent 3,779,778 and 
European Patent No. 126,712, can be used. 
15 [0054] Among compounds capable of being decomposed upon Irradiation with actinic rays or radiations to generate 
an acid, which may be used jointly, are particularly preferable compounds represented bythe following general fomnuiae 
(Zl) . (Zll) and (Zlli). 



20 



25 



R2OI 

R202-S+ X' 
I 

'^208 

Zl 



^204 — !f~R205 

211 



O H2O 

11 " 

o 



•S-R207,^ 

o 



Zlli 



[0055] In the general fomnula (Zl), R2oi> R202 ^2oa Independently represents an organic group. 
[0056] X' represents a non-nudeophillc anion, and examples include those the same as in X- in the general formula (I). 
30 [0057] The number of carbon atoms of the organic group represented by Rgoi* R2C2 ^^203 '® ''^ general from 1 
to 30, and preferably from 1 to 20. 

[0058] Further, two of 1^201 > ^202 B203 "^V bonded to each other to fomn a ring stmcture, and the ring may 
contain an oxygen atom, a sulfur atom, an ester bond, an amide bond, or a carbonyi group. 
[0059] Examples of groups formed when two of R^oi, R202 and R203 are bonded to each other Indude an aikylene 
35 group (such as a butylene group and a pentylene group). 

[0060] Specific examples of organic groups represented by R201, R202 ^203 indude comesponding groups in 
compounds (Z1-1), (Z1-2) and (Z1-3) as described later. 

[0061] Incidentally, compounds having a plurality of structures represented by the general fomnula (Zl) may be used. 
For example, compounds in which at least one of R201 to R203 of a compound represented by the general fomnula (Zl) 
40 is bonded to at least one of Rgoi to R203 of another compound represented by the general fomnula (Zl) may be used. 
[0062] In addition, the following compounds (Z1 -1 ), (Zl -2) and (Zl -3) can be enumerated as preferred examples of 
the component (Zl). 

[0063] The compound (Zl -1) is an arylsulfonium compound represented by the general formula (Zl) wherein at least 
one of R2o^ to R203 is an aryl group. I.e., a compound in which the arylsulfonium is a cation. 
45 [0064] In the arylsulfonium compound, all of R201 to 1^ may be an aryl group, or a part of R201 to R203 may be an 
aryl group, with the remainder being an alkyi group. 

[0065] Examples of arylsulfonium compounds indude triaryisulfonium compounds, dlarylalkyisuifonium compounds, 
and aryldialkylsulfonium compounds. 

[0066] As the aryl group of the arylsulfonium compound are preferable a phenyl group and a naphthyl group, and 
so more preferable a phenyl group. In the case where the arylsulfonium compound contains two or more aryl groups, the 
two or more aryl groups may be the same or different. 

[0067] As the alkyI group that the arylsulfonium compound contains as the need arises are preferable linear, branched 
or cydic alkyl groups having from 1 to 15 carbon atoms. Exannples include a methyl group, an ethyl group, a propyl 
group, an n-butyl group, a sec-butyl group, a t-butyl group, a cyclopropyi group, a cyclobutyl group, and a cyclohexyl 

ss group. 

[0068] The aryl group and allcyl group represented by R201 to R203 may have a substltuent such as an allcyl group 
(such as those having from 1 to 15 carbon atoms) , an aryl group (such as those having from 6 to 14 carbon atoms), 
an alkoxy group (such as those having from 1 to 15 carbon atoms), a halogen atom, a hydroxy I group, and a phenytthio 
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group. The substituent is preferably a linear, branched or cyclic alkyi group having from 1 to 12 carbon atoms or a 
linear, branched or cyclic alkoxy group having from 1 to 12 carbon atonns, and most preferably an alkyI group having 
from 1 to 4 carbon atoms or an alkoxy group having from 1 to 4 carbon atoms. The substituent may be substituted on 
any one of R201 to R203 or ^'l of R201 to R203. Further, in the case where R201 to R203 are an aryi group, it is prefenred 
that the substituent is substituted at the p-posltlon of the aryi group. 
[0069] Next, the compound (Z1 -2) will be described below. 

[0070] The compound (Z1-2) Is a compound represented by the general formula (Zl) wherein H20^ to Raoa each 
Independently represents an aromatic ring-free organic group. However, the compound (Z1-2) does not include com- 
pounds represented by the general fomnula (I). IHere. the tenn 'aromatic ring" also includes a hetero atom-containing 
aromatic ring. 

[0071] The aromatic ring-free organic group represented by Rgoi to R203 generally has from 1 to 30 carbon atoms, 
and preferably from 1 to 20 carbon atoms. 

[0072] R20i to R203 oach independently preferably represents an alkyI group, a 2-oxoalkyl group, an alkoxycarbo- 
nylmethyl group, an allyl group, or a vinyl group, more preferably a linear, branched or cyclic 2-oxoalkyl group or an 
alkoxycarbonylmethyl group, and most preferably a linear, branched or cyclk: 2-oxoalkyl group. 
[0073] The aikyi group represented by R^q^ to R203 may be linear, branched or cyclic, and preferred examples include 
linear or branched alkyI groups having from 1 to 10 carbon atoms (such as a methyl group, an ethyl group, a propyl 
group, a butyl group, and a pentyl group) and cyclic alkyl groups having from 3 to 1 0 carbon atoms (such as a cydopentyl 
group, a cyclohexyl group, and a norbomyl group). 

[0074] The 2-oxoalkyl group represented by R201 to R203 may be linear, branched or cyclic, and preferred examples 
include groups having >C=0 at the 2-position of the alkyl group thereof. 

[0075] As the alkoxy group in the alkoxycarbonylmethyl group represented by Rgoi to H203 preferable alkoxy 
groups having from 1 to 5 carbon atoms (such as a methoxy group, an ethoxy group, a propoxy group, a butoxy group, 
and a pentoxy group) . 

[0076] R20-1 to R203 may further be substituted with a halogen atom, an alkoxy group (such as those having from 1 
to 5 carbon atoms) , a hydroxyl group, a cyano group, or a nitro group. 

[0077] Two of R201 to R203 may be bonded to each other to form a ring structure, and the ring may contain an oxygen 
atom, a sulfur atom, an ester bond, an amide bond, or a carbonyi group. Examples of groups fomned when two of R2o^ 
to R203 aro bonded to each other Include alkylene groups (such as a butylene group and a pentylene group). 
[0078] The compound (Z1 -3) is a compound represented by thefollowing general formula (Zl -3), which is compound 
having a phenacylsulfonium salt structure. 




[0079] to Rsc each independently represents a hydrogen atom, an alkyl group, an alkoxy group, or a halogen 
atom. 

[0080] Rgc and R^^ each Independently represents a hydrogen atom or an alkyl group. 

[0081 ] Rx and Ry each independently represents an alkyl group, a 2-oxoalkyl group, an alkoxycarbonylmethyl group, 
an allyl group, or a vinyl group. 

[0082] Two of Ric to Rgp. or Rx and Ry may be bonded to each other to fomi a ring structure, and the ring structure 
may contain an oxygen atom, a sulfur atom, an ester bond, or an amide bond. 

[0083] Zc" represents a non-nucleophllic anion, and examples include those the same as in the non-nucleophilk: 
anion in the general formula (I). 

[0084] The alkyl group represented by R^^ to may be linear, branched or cyclic, and examples include alkyl 
groups having from 1 to 10 carbon atoms. Preferred examples include linear or branched alkyl groups having from 1 
to 5 carbon atoms (such as a methyl group, an ethyl group, a linear or branched propyl group, a linear or branched 
butyl group, and a linear or branched pentyl group) and cyclic alkyl group groups having from 3 to 8 carbon atoms 
(such as a cyclopentyl group and a cyclohexyl group). 

[0085] The alkoxy group represented by R^^ to R^c ^o linear, branched or cyclic, and examples include alkoxy 
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groups having from 1 to 10 carbon atoms. Preferred examples include linear or branched alkoxy groups having from 
1 to 5 carbon atoms (such as a methoxy group, an ethoxy group, a linear or branched propoxy group, a linear or 
branched butoxy group, and a linear or branched pentoxy group) and cyclic alkyl group groups having from 3 to 8 
carbon atoms (such as a cyclopentyloxy group and a cyclohexyloxy group). 

[0086] Examples of the allcyl group represented by 1^ and Hj^. Include those the same as in the alkyl group repre- 
sented by R^j. to Rg^. 

[0087] Examples of the alkyl group represented by Rx and Ry Include those the same as In the alkyl group represented 
byRictoRgc- 

[0088] Examples of the 2-oxoalkyl group Include groups having >C=0 at the 2-position of the alkyl group represented 



[0089] Examples of the alkoxy group In the alkoxycarbonylmethyl group include those the same as in the alkoxy 
group represented by R^^ to R^c- 

[0090] Examples of groups formed when Rx and Ry are bonded to each other include a butylene group and a penty- 
lene group. 

[0091] in the general fomnulae (Zll) and (Zill) , R204 to R207 each Independently represents an optionally substituted 
aryl group or an optionally substituted alkyl group. 

[0092] As the aryl group represented by R204 to R207 are preferable a phenyl group and a naphthyl group, and more 
preferable a phenyl group. 

[0093] The alkyl group represented by R204 to R207 may be linear, branched or cyclic, and pref en^ed examples include 
linear or branched alkyl groups having from 1 to 10 carbon atoms (such as a methyl group, an ethyl group, a propyl 
group, a butyl group, and a pentyl group) and cyclic alkyl group groups having from 3 to 10 carbon atoms (such as a 
cyclopentyl group, a cydohexyl group, and a nortK)myl group). 

[0094] Examples of substltuents which each of R204 to R207 may have include an alkyl group (such as those having 
from 1 to 15 cart>on atoms) , an aryl group (such as those having from 6 to 15 carbon atoms), an alkoxy group (such 
as those having from 1 to 15 carbon atoms), a halogen atom, a hydroxyl group, and a phenylthio group. 
[0095] X' represents a non-nucleophilk: anion, and examples include those the same as in the non-nucleophilic anion 
represented by X' in the general fomnula (1). 

[0O96] Among compounds capable of being decomposed upon irradiation with actinb rays or radiations to generate 
an acid, which may be used jointly, particularly preferred examples are given below. 



by RictoRgc- 
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[0097] (2) (B) Resin that is decomposed by the action of an acid, whereby its solubility in an alkaline developer 
increases (hereinafter often refen-ed to as "component (B)"): 

[0098] The resin that Is decomposed by the a(^on of an acid, whereby its solubility in an alkaline developer increases, 
whteh is used in the positive photosensitive composition of the invention, is a resin having a group capable of being 
decomposed by an acid (hereinafter often refen^ed to as "acid decomposable group") in the main chain or side chains 
thereof, or in both the main chain and side chains thereof. Among such resins are more preferable those having a 
group capable of being decomposed by an acid in the side chains thereof. 

[0099] The group capable of being decomposed by an acid Is preferably a group substituted with a group obtained 
by splitting off a hydrogen atom of -COOH group or -OH group by an acid. 

[0100] As the acid decomposable group are preferable a sityl ether group, a cumyl ester group, an acetal group, a 
tetrahydropyranyl ether group, an enol ether group, an enol ester group, a tertiary alkyi ether group, a tertiary alkyi 
ester group, and a tertiary alkyi carbonate group, and more preferable a tertiary alkyi ester group, a tertiary alkyi 
cart>onate group, a cumyl ester group, an acetal group, and a tetrahydropyranyl ether group. 
[0101] A matrix resin to whk:h such a group capable of being decomposed by an acid Is bonded as a side chain is 
an alkali-soluble resin having an -OH or -COOH group in the side chains thereof. Examples include alkali-soluble resins 
as described later. 

[0102] Such alkali-soluble resins preferably have an alkali dissolution speed, as measured in 0.261 N tetramethyl- 
ammonium hydroxide (TMAH) (at 23 »C), of 1 70 angstroms/Ssec or more, and more preferably 330 angstroms/sec or 
more. 

[01 03] From such a point of view, are parttoularty preferable alkali-soluble resins having a hydroxystyrene structural 
unit, such as o-, m- or p-poly(hydroxystyrenes) and copolymers thereof, hydn^genated poly(hydroxystyrenes), halogen- 
or alkyl-substituted poly(hydroxystyrenes), part or O-alkylated or O-acylated compounds of poly(hydroxystyrenes), 
styrene-hydroxystyrene copolymers, a-methyl-styrene-hydroxystyrene copolymers, and hydrogenated novolak resins. 
[0104] In the invention, pretended examples of repeating units having an acid decomposable group Include t-butox- 
ycarbonyloxystyrene, 1-alkoxyethoxystyrenes, and (meth)acrylic acid tertiary alkyi esters. 

[0105] The component (B) to be used in the Invention can be obtained by reacting an alkali-soluble resin wrth a 
precursor of a group capable of being decomposed by an add, or copolymerizing an alkali-soluble resin monomer 
having a group capable of being decomposed by an acid bonded thereto with various monomers, as described in 
European Patent No. 254, 853, JP-A-2-25850, JP-A-3-223860. and JP-A-4-251259. 

[Ql 06] Specifk: examples of the component (B) that Is used in the invention will be gh/en below, but It shoukJ not be 
construed that the invention is limited thereto. 

p-t-Butoxystyrene/p-hydroxystyrene copolymer 

p-(t-Butoxycarbonyloxy)styrene/p-hydroxystyrene copolymer 

p-(t-Butoxycart>onylmethyloxy)styrene/p-hydroxystyrene copolymer 

p-(t-Butoxycarbonylmethyloxy)-3-methylstyrene/4-hydroxy-3-methylstyrene copolymer 

p-(t-Butoxycarbonylmethyloxy)styrene/p-hydroxystyrene (1 0% hydrogenation compound) copolymer 

m-(t-Butoxycarbonylmethyloxy)styrene/m-hydroxystyrene copolymer 

o-(t-Butoxycarbonylmethyloxy)styrene/o-hydroxystyrene copolymer 

p-(Cumyloxycarbonylmethyloxy)styrene/|3-hydroxystyrene copolymer 

Cumyl methacrylate/hiethyl methacrylate copolymer 

4-t-Butoxycarbonylstyrene/dimethyl maleate copolymer 

Benzyl methacrylate/tetrahydropyranyl methacrylate copolymer 

p-(t-Butoxycarbonylmethyloxy)styrene/p-hydroxystyrene/styrene copolymer 

p-t-Butoxystyene/p-hydroxystyrene/fumaronltrile copolymer 

t-Butoxystyrene/hydroxyethyl methacrylate copolymer 

Styrene/N-(4-hydroxyphenyl) malelmlde/N-(4-t-butoxycarbonyioxyphenyl) malelmide copolymer 
p-Hydroxystyrene/t-butyl methacrylate copolymer 
Styrene/p-hydroxystyrene/t-butyl methacrylate copolymer 
p-Hydroxystyrene/t-butyl acrylate copolymer 
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Styrene/p-hydroxystyrene/t-butyl acrylate copolymer 

p-(t-Butoxycarbonylmethyloxy)styrene/ip>-hydroxy'«tyreneyNH^ maleimide copolymer 
t'Butyl methacrylate/1-adamantylmethyt methacrylate copolymer. 
p-Hydroxystyrene/t-butyl acrylate/^-acetoxystyrene copolymer 
p-Hydroxystyrene/t-butyl acrylate/p-(t-butoxycarbonyloxy)styrene copolymer 
p-Hydroxystyrene^-butyl acrylate/t3-(t-butoxycarbonylmethytoxy)styrene copolymer 
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[0107] In the foregoing specific examples, tBu represents a t-butyl group. 

[0108] The content of the group capable of being deconrposed by an add is expressed by B/(Bf S) wherein B rep- 
resents a number of groups capable of being decomposed by an acid in the resin, and S represents a number of alicali- 
soluble groups not protected by a group capable of being spirt off by an acid. The content is preferably from 0.01 to 
0.7, more preferably from 0.05 to 0.50, and further preferably from 0.05 to 0.40. 

[0109] In the case where the positive photosensitive composition of the invention is irradiated with ArF excimer laser, 
it is prefen-ed that the resin of the component (B) is a resin having a monocyclic or polycyclic alicyclic hydrocarbon 
stru(^re, which is decomposed by the action of an acid, whereby its solubility in an alkaline developer increases. 
[0110] As the resin having a monocyclic or polycyclic alicyclic hydrocartwn structure, which Is decomposed by the 
action of an acid, whereby Its solubility in an alkaline developer increases (the resin being hereinafter often refen^ed 
to as "alicyclic hydrocarbon based add decomposable resin"), are preferable resins containing at least one member 
selected from the group consisting of repeating units each having a partial structure containing an alicyclrc hydrocarbon 
represented by any of the following general fomiulae (pi) to (pVI) and a repeating unit represented by the following 
general formula (ll-AB). 
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[0111] In the foregoing general formulae, R^^ represents a methyl group, an ethyl group, an n-propyl group, an 
Isopropyl group, an n-butyl, an isobutyl group, or a seo-butyl group; and Z represents an atomic group necessary for 
fonnlng an alicyclic hydrocaibon group together with the carbon atom. . 

[0112] R^2 ^16 independently represents a linear or branched alkyi group having from 1 to 4 carbon atoms 
or an alicyclic hydrocarbon group, provided that at least one of R^2 ^14» ^"Y represents an 

alicyclic hydrocarbon group. 

[0113] to R21 each independently represents a hydrogen atom, a linear or branched alky! group having from 1 
to 4 cartx}n atoms, or an alicyclic hydrocarbon group, provided that at least one of R^ 7 to R21 represents an alicyciic 
hydrocarbon group and that any one of R^g and F^^ represents a linear or branched alkyI group having from 1 to 4 
carbon atonns or an alicyclic hydrocarbon group. 

[0114] R22 to R25 each independently represents a linear or branched alkyI group having from 1 to 4 carbon atoms 
or an allcycric hydrocarbon group, provided that at least one of 1^ to 1^25 represents an alcyclb hydrocarbon group 
and that any one of R23 and R24 may be bonded to each other to fomi a ring. 



[01 15] In the general fonnula (ll-AB) , R^^' and independently represents a hydrogen atom, a cyano group, 

a halogen atom, or an optionally substituted alkyI group; and Z' represents an atomic group necessary for forming an 
optionally substituted alicyclic structure, containing bonded two carbon atoms (C-C). 
[01 16] The general fomnula (ll-AB) is further preferably the following general fomiula (ll-A) or (ll-B). 
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(ll-A) (ll-B) 



[0117] In general fomnutae (ll-A) and (ll-B) : 

R-13' to R^b' ®^ch independently represents a hydrogen atom, a halogen atom, a cyano group, -COOH, -COOR5, 
a group that is decomposed by the action of an acid, -C(=0)-X-A'-R^7', or an optionally substituted alkyl group or cyclic 
hydrocarbon group. 

[0118] Here, R5 represents an optionally substituted alkyl group or cyclic hydrocarbon group, or a -Y group as de- 
scribed below. 

[0119] X represents an oxygen atom, a sulfur atom, -NH-, -NHSO2-, or -NHSO2NH-. 
[01 20] A' represents a single bond or a divalent connecting group. 

[0121] At least two of R^g to R^e bonded to each other to fonn a ring, and n Is 0 or 1 . 

[0122] R^y represents -CX)OH, -COOR5, -CN, a hydroxyl group, an optionally substituted alkoxy group, -CO-NH-Re, 

-CO-NH-SO^-Rg, ora -Y group as described below. 

[0123] Re represents an optionally substituted alkyl group or cyclk: hydrocarbon group. 
[0124] - Y group: 




[0125] In the -Y group, R21' to R30' each Independently represents a hydrogen atom or an optionally substituted alkyl 
group; and a and b are each 1 or 2. 

[0126] In the general formulae (pi) to (pVI), the alkyl group represented by R^2 ^ represents a substituted or 
unsut>stituted, linear or branched alkyl group having from 1 to 4 carbon atoms. Examples of alkyl groups include a 
methyl group, an ethyl group, an n-propyi group, an isopropyl group, an n-butyl group, an isobutyl group, a sec-butyi 
group, and a t-butyi group. 

[01 27] Examples of substituents that may be further substituted on the foregoing alkyl group include an alkoxy group 
having from 1 to 4 carbon atoms, a halogen atom (such as a fluorine atom, a chlorine atom, a bromine atom, and an 
iodine atom), an acyl group, an acyk>xy group, a cyano group, a hydroxyl group, a carboxy group, an alkoxycarbonyl 

group, and a nitro group. 

[0128] The alicyclic hydrocarbon group represented by R-,1 to R25 or the alicyclic hydrocarbon group fomied by Z 
and the carbon atom may be monocyclic or polycydic. Specifk; examples Include groups having a stru^ure of 5 or 
more carbon atoms, such as monocycio, bicycio, tricycio, and tetracyclo structures, preferably those having from 6 to 
30 carbon atoms, and particularly preferably those having from 7 to 25 cartoon atoms. These alicyclic hydrocarbon 
groups rnay have a substituent. 

[0129] As the alicyclic hydrocarit)on group are preferable an adamantyl group, a noradamantyl group, a decalin res- 
idue, a tricyclodecanyt group, a tetracyclododecanyl group, a norbomyl group, a cedrol group, a cydohexyt group, a 
cycloheptyl group, a cyclooctyl group, a cyclodecanyl group, and a cyclododecanyl group, and more preferable an 
adamantyl group, a decalin residue, a norbornyl group, a cedrol group, a cyclohexyl group, a cycloheptyl group, a 
cyclooctyl group, a cyclodecanyl group, and a cyclodecanyl group. 

[0130] Examples of substituents of these alk:yclic hydrocart)on groups Include an alkyl group, a substituted alkyl 
group, a halogen atom, a hydroxyl group, an alkoxy group, a carboxyl group, and an alkoxycarbonyl group. The alkyl 
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group is preferably a lower aikyl group such as a methyl group, an ethyl group, a propyl group, an isopropyl group, 
and a butyl group, and more preferably a substituent selected from the group consisting of a methyl group, an ethyl 
group, a propyl group, and an Isopropyl group. Examples of the sut>stltuent of the substituted ailcyl group Include a 
hydroxyl group, a halogen atom, and an alkoxy group. Examples of alkoxy groups include those having from 1 to 4 
5 carbon atoms such as a methoxy group, an ethoxy group, a propoxy group, and a butoxy group. 

[0131] In the foregoing resin, the structures represented by the general fonnulae (pt) to (pVi) can be used for pro- 
tecting the alkali-soluble group. As the alkali-soluble soluble, various groups that are known In this technteal field can 
be enumerated. 

[0132] Specifk: examples Include a carboxylic acid group, a sulfonic acid group, a phenol group, and a thiol group, 
10 with a carboxylic acid group and a sulfonic acid group being preferred. 

[0133] In the foregoing resins, as the alkali-soluble groups protected by the structures represented by the general 
formulae (pi) to (pVI) are preferable structures in whk:h the hydrogen atom of carboxyl group is substituted with a 
structure represented by any of the general fomnulae (pi) to (pVI) . 

[01 34] As the repeating unit having an alkali-soluble group protected by the structure of any of the general formulae 
IS (pi) to (pVI) Is preferable a repeating unit represented by the following general formula (pA). 
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[0135] Here, R represents a hydrogen atom, a halogen atom, or a substituted or unsubstituted. linear or branched 
alkyl group having from 1 to 4 carbon atoms. A plurality of Rs' may be the same or different. 
30 [0136] A represents a single group or a combination of two or more groups selected from the group consisting of a 
single bond, an alkytene group, a substituted alkylene group, an ether group, a thioether group, a carbonyl group, an 
ester group, an amide group, a sulfonamide group, a urethane group, and a urea group. 
[0137] Ra represents a group of any of the foregoing general fomnulae (pi) to (pVI). 

[0138] The repeating unit represented by the general formula (pA) is most preferably a repeating unit by a 2-alkyl- 
35 2-adamantyl (meth)acrylate or a dialkyl (l-adamantyl)methyl (meth)acrylate. 

[0139] Specific examples of the repeating unit represented by the general formula (pA) will be given below. 
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[0140] In the foregoing formulae, Rx represents H, CH3 or CF3. 

[01411 In the foregoing general formula (ll-AB), R^i' and R^g' ®^ch independently represents a hydrogen atom, a 
cyano group, a halogen atom, or an optionally substituted allcyl group. 

[01 42] T represents an atomic group necessary for fonning an optionally substituted alicydic structure, containing 
bonded two carbon atoms (C-C). 

[0143] Examples of the halogen atom represented by R^' and R^g* include a chlorine atom, a bromine atom, a 
fluorine atom, and an iodine atom. 
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[0144] As the alkyi group represented by R^^' , R^2'' are preferable linear or branched alkyl groups 

having from 1 to 10 carbon atonns, more preferably linear or branched alkyl groups having from 1 to 6 carbon atoms, 
and further preferable a methyl group, an ethyl group, a propyl group, an isopropyl group, an n-butyl group, an isobutyl 
group, a sec-butyl group, or a t-butyl group. 

5 [0145] Examples of substituents that may be further substituted on the foregoing alkyl group a hydroxy! group, a 
halogen atom, a carboxyl group, an alkoxy group, an acyt group, a cyano group, and an acyioxy group. Examples of 
halogen atoms include a chlorine atom, a bromine atom, a fluorine atom, and an Iodine atom; examples of alkoxy 
groups include those having from 1 to 4 carbon atoms such as a methoxy group, an ethoxy group, a propoxy group, 
and a butoxy group; examples of acyl groups include a fomnyl group and an acetyl group; and examples of acyioxy 

10 groups include an acetoxy group. 

[01 46] The atomic group for fonning the altoyclic structure of Z* is an atomic group for forming a repeating unit of an 
optionally substituted altoyclk: hydrocart>on in a resin. Among such atomic groups are preferable those for fonning a 
bridged alicyciic stmcture to forni a repeating unit of a bridged allcycllc hydrocarbon. 

[0147] Examples of skeletons of alicyciic hydrocarbons to be fonned Include those the same as in the altoycic hy- 
IS drocarbon group represented by R^^ to Rgg in the general formulae (pi) to (pVI) . 

[01 48] The skeleton of the alicyclk: hydrocarbon may have a substltuent. Examples of such substituents include R^g' 
to R^e in the general fomiula (ll-A) or (ll-B). 

[0149] Of the repeating units having a bridged alcydic hydrocarbon are more preferable repeating units represented 
by the general formula (ll-A) or (ll-B). 
20 [0150] in the alicyciic hydrocarbon based add decomposable resin according to the invention, the acid decomposable 
group may be contained in the foregoing 'C(==0)-X-A'-Ri7', or may be contained as a substituent of Z* of the general 
formula (ll-AB) . 

[0151] The stmcture of the acid deconnposable group is represented by -C(=0)-X^-Ro. 

[0152] In the formula, as Rq are enumerated a tertiary alkyl group (such as a t-butyt group and a t-amyl group), an 
25 isoboronyl group, a 1 -alkoxyethyl group (such as a 1 -ethoxyethyl group, a 1 -butoxyethyl group, a 1 -isobutoxyethyl 
group, and a 1 -cyclohexyloxyethyl group), an alkoxymethyl group (such as a 1 -methoxymethyl group and a 1 -ethoxyme- 
thyl group), a 3-oxoalkyt group, a tetrahydropyranyl group, a tetrahydrofuranyl group, a trialkylsilyl ester group, a a^x- 
ocyclohexyl ester-group, a 2-methyl-2-adamantyl group, and a mevalonte lactone residue. is synonymous with X. 
[01 53] Examples of the halogen atom represented by R^3' to R^ e include a chlorine atom, a bromine atom, a fluorine 
30 atom, and an iodine atom. 

[0154] As the alkyl group represented by R5, Rg, and R^a' to Rig are preferable linear or branched alkyl groups 
having from 1 to 1 0 carbon atoms, more preferable linear or branched alkyl groups having from 1 to 6 carbon atoms, 
and further preferable a methyl group, an ethyl group, a propyl group, an Isopropyl group, an n-butyl group, an isobutyl 
group, a sec-butyl group, or a t-butyl group. 
35 [0155] Examples of the cyclk: hydrocarbon group represented by R5, Rg, and R^3' to R^g' include cyclic alkyl groups 
and bridged hydrocarbons, such as a cyclopropyl group, a cyclopentyi group, a cyclohexyt group, an adamantyl group, 
a 2-methyl-2-adamantyi group, a norbomyl group, a boronyl group, an isoboronyl group, a tricydodecanyl group, a 
dicyclopentenyl group, a norbomane epoxy group, a nnenthyl group, an isomenthyl group, a neomenthyl group, and a 
tetracyclododecanyl group. 

40 [0156] Examples of the ring fonned when at least two of R^s to R^g' bonded to each other include rings having 
from 5 to 12 carbon atoms such as cydopentene, cyclohexene, cycioheptane, and cyclooctane. 
[0157] Examples of the alkoxy group represented by R^y include those having from 1 to 4 carbon atoms such as a 
methoxy group, an ethoxy group, a propoxy group, and a butoxy group. 

[0158] Examples of substituents that may be further sut)stituted on the foregoing aikyi group, cyclk; hydrocarbon 
^ group and alkoxy group include a hydroxyl group, a halogen atom, a carboxyl group, an alkoxy group, an acyl group, 
a cyano group, an acyioxy group, an alkyl group, and a cyclic hydrocarbon group. Examples of halogen atoms include 
a chlorine atom, a bromine atom, a fluorine atom, and an iodine atom; examples of alkoxy groups indude those having 
from 1 to 4 carbon atoms such as a methoxy group, an ethoxy group, a propoxy group, and a butoxy group; examples 
of acyl groups include a fonmyl group and an acetyl group; and examples of acyioxy groups include an acetoxy group. 
so [0159] Examples of alkyl groups and cyclic hydrocartson groups include those as enumerated above. 

[0160] As the divalent connecting group of A' Is enumerated a single group or a combination of two or more groups 
selected from the group consisting of an alkylene group, a substituted alkylene group, an ether group, a thioether 
group, a carbonyl group, an ester group, an amkle group, a sulfonamide group, a urethane group, and a urea group. 
[0161] In the alicydic hydrocarison based acid decomposable resin according to the invention, the group that is 
ss decomposed by the action of an acid can contain at least one repeating uriit of repeating units having a partial structu re 
containing an alicyclk; hydrocarbon represented by any of the foregoing general fomnulae (pi) to (pVi), repeating units 
represented by the general fonnula (ll-AB), and repeating units of copolymerization components as described later. 
[0162] Various substituents of R^o' to R^g' in the general formula (ll-A) or (ll-B) may be a substituent of the atomb 
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group for forming the alicyclic structure in the general formula (ll-AB) or the atomic group Z for fonning the bridged 
allcyclic structure. 

[0163] Specific examples of the repeating unit represented by the general formula (ll-A) or (ll-B) will be given below, 
but it should not be construed that the invention is limited thereto. 
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[01 64] The allcyclic hydrocarbon based acid decomposable resin of the invention preferably contains a lactone group, 
and more preferably a repeating unit having a lactone stmcture represented by the following general formula (Lc) or 
any of the following general fonmulae (V-1) to (V-5). The group containing a lactone structure may be bonded directly 
to the main chain. 




(V-1) (V-2) Or-3) (y^ 



[0165] In the general formula (Lc) , Ra^, Rb^, RC|, Rd^, and Re-i each independently represents a hydrogen atom 
or an optionally substituted alkyi group; m and n each independently represents an integer of from 0 to 3; and (m + n) 
is 2 or more and 6 or less. 

[0166] In the general formulae (V-1) to (V-5), R^^ to Rg^ each independently represents a hydrogen atom or an 
optionally substituted allcyi group, cycloailcyl group, allcoxy group, allcoxycarbonyl, alicyisuifonyilmino or atlcenyt group; 
and two of R^j, to R51, may be bonded to each other to form a ring. 

[0167] As the allcyi group represented by Ra^ to Re^ in the general fonnula (Lc) and the aikyi group in the aikyl group, 
alkoxy group, atkoxycarbonyl group or alkylsulfonyllmino group represented by H^^ to in the general fonmulae (V- 
1 ) to (V-S) are enumerated optionally substituted linear or branched aikyi groups. 

[0168] Examples of repeating units having a lactone structure represented by the general formula (Lc) or any of the 
following general fonnulae (V-1) to (V-5) include repeating units represented by the general fomriula (ll-A) or (ll-B) 
wherein at least one of R^s' to R^g' has a group represented by the general formula (Lc) or any of the following general 
fomnulae (V-1) to (V-5) (such as -COOR5 wherein R5 represents a group represented by the general formula (Lc) or 
any of the general fonnulae (V-1) to (V-5)) and repeating units represented by the following general fomnula (Al). 



27 



EP 1406 122 A2 



I?b0 




(AO 



o?=c 



? 



A' — Bz . 



[0169] In the general formula (Al), represents a hydrogen atom, a halogen atom, or an optionally substituted 
alkyi group having from 1 to 4 carbon atoms. Examples of substrtuents which the allcyl group represented by may 
have Include those enumerated previously as preferred substituents which the alky] group represented by R^i, in the 
general fomnulae (V-1 ) to (V-5) may have. 

[01 70] Examples of the halogen atom represented by include a fluorine atom, a chlorine atom, a bromine atom, 
and an iodine atom. f\o preferably represents a hydrogen atom. 

[01 71] A' represents a single bon, an ether group, an ester group, a carbonyl group, an alkylene group, or a divalent 
group comprising a combination thereof. 

[0172] B2 represents a group represented by the general fomiula (Lx:) or any of the general formulae (V-1) to (V-5). 
[0173] Specifk: examples of repeating units having a group having a lactone structure will be given below, but it 
should not be construed that the Invention is limited thereto. 
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[0174] In the foregoing fomiulae, Rx represents H, CH3 or CFa. 

[01 75] The alicyclic hydrocarbon based acid decomposable resin of the invention may have a repeating unit having 
a group represented by the following general formula (VII). 




(Vll) 



[0176] In the general formula (Vll), 1^ to each independently represents a hydrogen atom or a hydroxyl group, 
provided that at least one of Rg^ to represents a hydroxyl group. 

[0177] The group represented by the general fomiula (Vll) is preferably a dihydroxy body or a nrK>nohydroxy body, 
and more preferably a dihydroxy body. 

[0178] Examples of repeating units having a group represented by the general formula (Vll) include repeating units 
represented by the general fomnuia (ll-A) or (ll-B) wherein at least one of R^3' to R^g has a group represented by the 
general fomnuia (Vll) (such as -COOR5 wherein R5 represents a group represented by the general fomnuia (VII)) and 
repeating units represented by the following general fomnuia (All). 
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[0179] In the general formula (All), R^^ represents a hydrogen atom or a methyl group. 

[0180] to each independently represents a hydrogen atom or a hydroxyl group, provided that at least one of 
R2C to R4C represents a hydroxyl group. 

[01 81 ] Specific examples of repeating u nits having a structure represented by the general fonnula (All) will be given 
below, but it should not be construed that the invention is limited thereto. 



OH 

^ o 



I OH CH3 

o 

[0182] The allcyclic hydrocarbon based acid decomposable resin of the Invention may have a repeating unit having 
a group represented by the following general formula (VI It). 



CH-CH— 



[0183] In the general fonnula (Vlil), Z2 represents -O- or-N(R4i)-; represents a hydrogen atom, a hydroxyl group, 
an alkyi group, a haloalkyl group, or -OSO2-R42-; and R42 represents an alkyi group, a haloaikyi group, a cycloalkyi 
group, or a camphor residue. 

[0184] SpeciTic examples of the repeating unit represented by the general formula (VIII) Include the following [I'-l] 
to [l'-7], but Is should not be construed that the invention is limited thereto. 
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[01 B5] The aJicyclic hydrocarbon based acid decomposable resin of the invention can contain various repeating units 
for the purposes of adjusting dry etching resistance, standard developer adaptability, substrate adhesion, resist profile, 
and characteristics generally required for resists, such as resolution, heat resistance, and sensitivity, In addition to the 
foregoing repeating units. 

40 [0186] As such repeating units can be enumerated repeating structural units corresponding to the following mono- 
mers, but it should not be construed that the Invention Is limited thereto. 

[0187] Thus, Itis possible to finely control perfomiances required for ailcydic hydrocarbon based acid decomposable 
resins, especially the following properties: 

^ (1) solubility in coating solvent, 

(2) film forming property (glass transition point), 

(3) alkali developability, 

(4) film diminishment (hydrophilicity and selection of alkali-soluble group), . 

(5) adhesion to sutistrate In unexposed areas, and 
so (6) dry etching resistance. 

[0188] Examples of such monomers include compounds having at least one addition polymerizable unsaturated 
bond selected from acrylic acid esters, methacrylic acid esters, acrylamides, methacrylamides, altyl compounds, vinyl 
ethers, and vinyl esters. 

ss [0189] Besides, addition polymerizable unsaturated compounds that are copolymerizable with monomers corre- 
sponding the foregoing various repeating structural units may be copolymerized. 

[0190] In the alicycllc hydrocarbon based acid decomposable resin, the molar ratio of the respective repeating struc- 
tural units to be contained is property set up for adjusting dry etching resistance and standard developer adaptability 
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of resist, substrate adhesion, resist profile, and characteristics generally required for resists, such as resolution, heat 
resistance, and sensitivity. 

[01 91 ] Preferred embodiments of the alicycllc hydrocarbon based acid decomposable resin of the invention are given 
below. 

5 

(1) Those containing a repeating unit having a partial structure containing an aiicyclic hydrocarbon represented 
by any of the general formulae (pi) to (pVI) (side chain type) 

(2) Those containing a repeating unit represented by the general fonnula (ll-AB) (main chain type) 

As to (2), the following can further be enumerated below. 
10 (3) Those containing a repeating unit represented by the general formula (ll-AB), a maleic anhydride derivative 

and a (meth)aciylate structure (hybrid type) 

[01 92] In the alicycllc hydrocarbon based acid decomposable resin , the content of the repeating unit having a partial 
structure containing an alicycllc hydrocarbon represented by any of the general formulae (pi) to (pVI) is preferably from 
15 30 to 70 % by mole, more preferably from 35 to 65 % by mole, and further preferably from 40 to 60 % by mole In the 
whole of repeating structural units. 

[01 93] In the alicycllc hydrocarbon based add decomposable resin, the content of the repeating u nit represented by 
the general fonnula (ll-AB) is preferably from 1 0 to 60 % by mole, more preferably from 1 5 to 55% by mole, and further 
preferably from 20 to 50 % by mole in the whole of repeating structural units. 

20 [0194] Further, though the content of repeating structural units based on the monomers to be further copolymerized 
can be property set up according to the desired perfonmance of resist, it is In general preferably not more than 99 % 
by mole, more preferably not more than 90 % by mole, and further preferably not more than 80 % by mole based on 
the total molar number of the sum of the repeating structural unit having a partial structure containing an aiicyclic 
hydrocarbon represented by any of the general fomnulae (pi) to (pVI) and the repeating unit represented by the general 

25 fonnula (ll-AB) . 

[0195] When the composition of the invention is used for ArF exposure, aromatic group-free resins are preferred 
from the viewpoint of transparency to ArF rays. 

[0196] The alicyclic hydrocarbon based add decomposable resin that is used in the invention can be synthesized 
according to customary methods (such as radical polymerization). Examples of general synthesis methods Include a 

30 method in which a monomer seed is charged in a reaction vessel collectively or on the way of reaction and optionally 
dissolved in a reaction solvent such as an ether (such as tetrahydrof uran, 1 ,4-dioxane, and diisopropyl ether) , a ketone 
(such as methyl ethyl ketone and methyl isobutyl ketone), an ester solvent (such as ethyl acetate), and a sohrent 
capable of dissoh/ing the composition of the invention therein (such as propylene glycol monomethyl ether acetate) to 
prepare a uniform solution, which Is then started for polymerization using a commerdally available radical Initiator 

35 (such as azo based initiators and peroxides) in an inert gas atmosphere (such as nitrogen and argon) optionally under 
heating. If desired, the initiator is supplemented or added dividedly, and after completion of the reaction, the reaction 
mixture is added to a solvent to recover a desired polymer by powder or solid recovery. The reaction concentration is 
20 % by weight or more, preferably 30 % by weight or more, and more preferably 40 % by weight or more. The readion 
temperature is from 10 **C to 150 **C, preferably from 30 **C to 120 'C, and more preferably from 50 **C to 100 'C, 

40 [01 97] I n the case where the positive photosensitive composition of the invention is irradiated with F2 excimer laser, 
the resin of the component (B) Is preferably a resin having a structure wherein a fluorine atom is substituted in the 
main chain and/or side chains of the polymer skeleton, which is decomposed by the action of an acid, whereby its 
solubility in an alkaline developer increases (this resin being often referred to as "fluorine-containing resin"); more 
preferably a resin containing a hydroxyl group substituted with a fluorine atom or a fluroalkyi group at the 1 -position 

45 thereof, or a group in which a hydroxyl group substituted with a fluorine atom or a fluoroalkyi group at the 1 -position 
thereof is protected by an acid decomposable group; and most preferably a resin containing a hexafluoro-2-propanol 
structure or a structure in which a hydroxyl group of hexafluoro-2-propanoLis protected by an acid decomposable 
group. By introducing a fluorine atom, It is possible to enhance transparency against far ultraviolet rays, especially an 
F2 laser (157 nm). 

50 [0198] As the fluorine-containing resin in the acid decomposable resin (B) are preferable resins having at least one 
of repeating units represented by the following general fomnulae (FA) to (FG). 
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[0199] In the foregoing general formulae, R^qo ^103 represents a hydrogen atom, a fluorine atom, an alkyi 
group, a cydoalkyl group, a f luoroalkyi group, or an aiyl group. 

[0200] R^o4 ^106 ®^ represents a hydrogen atom, a fluorine atom, or a fluoroalkyi group, and at least one of 
R^Q4 and R^q^ represents a fluorine atom or a flubmalkyi group. Preferably, both R^o4 ^106 represent a trifluor- 
omethyl group. 

[0201] R^05 represents a hydrogen atom, an alkyI group, a cydoalkyl group, a fluoroalkyi group, an acyl group, an 
alkoxycarbonyl group, or a group that Is decomposed by the action of an add. 

[0202] represents a single bond or a divalent connecting group (such as a linear, branched or cyclic alkylene 
group or alkenylene group, an arylene group, -OCO-, -COO-, -CON(R24)-, and connecting groups containing a plurality 
of these groups). R24 represents a hydrogen atom or an alkyI group. 

[0203] Rio7 and R^qs ^^^^ represents a hydrogen atom, a halogen atom, an alkyI group, a cydoalkyl group, a fluor- 
oalkyi group, an alkoxy group, an alkoxycarbonyl group, or a group that is decomposed by the action of an acid. 
[0204] R109 represents a hydrogen atom, an aikyi group, a cydoalkyl group, a fluoroalkyi group, or a group that is 
decomposed by the action of an acid. 
[0205] bis0,1or2. 

[0206] The repeating units represented by the general formulae (FA) to (FG) contain at least one fluorine atom, and 
preferably three or more fluorine atoms per repeating unit. 

[0207] In the general fomiulae ( FA) to ( FG) , as the alkyI group are enumerated alkyI groups having from 1 to 8 
cart)on atoms, and preferred specific examples indude a methyl group, an ethyl group, a propyl group, an n-butyl 
group, a sec-butyl group, a hexyl group, a 2-ethylhexyl group, and an octyl group. 

[0208] The cydoalkyl group may be monocyclic or polycyclic. As the monocyclk: type are enumerated those having 
from 3 to 8 cart>on atoms, and preferred specific examples include a cyclopropyl group, a cydopentyl group, a cy- 
dohexyl group, a cycloheptyl group, and a cyclooctyl group. As the polycyclic type are enumerated those having from 
6 to 20 carbon atoms, and preferred specific examples indude an adamantyl group, a nort>omyl group, an isoboronyl 
group, a camphanyl group, a dicyclopentyl group, an a-pinet group, a tricydodecanyl group, a tetracydododecyl group, 
and an androstanyl group. Carbon atoms in the monocydb or polycyclic cydoalkyl group may be sut)stituted with a 
hetero atom such as an oxygen atom. 

[0209] As the fluoroalkyi group are enumerated those having from 4 to 12 carbon atoms, and preferred specif b 
examples include a perfluorobutyl group, a perfluorohexyl group, a perfluorooctyl group, a perfluorooctylethyl group, 
and a perfluorododecyl group. 

[0210] As the aryt group are enumerated those having from 6 to 15 carbon atoms, and prefen-ed specific examples 
indude a phenyl group, a tolyl group, a dimethylphenyl group, a 2,4,6-trimethylphenyl group, a naphthyl group, an 
anthryl group, and a 9,10-dimethoxyanthryl group. 

[021 1 ] As the alkoxy group are enumerated those having from 1 to 8 carbon atoms, and preferred specific examples 
include a methoxy group, an ethoxy group, an n-propoxy group, an isopropoxy group, a butoxy group, a pentoxy group, 
an altyloxy group, and an octoxy group. 

[0212] As the acyl group are enumerated those having from 1 to 1 0 carbon atoms, and preferred specific examples 
a formyl group, an acetyl group, a propanoyl group, a butanoyi group, a pivaloyl group, an octanoyi group, and a benzoyl 
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group. 



[0213] Examples of the alkoxycarbonyl group include an isopropoxycarbonyl group, a t-butoxycarbonyl group, a t- 
amyloxycarbonyl group, and a 1 -methyl-1 -cyclohexyloxycarbonyl group. Of these are preferable secondary alkoxycar- 
bonyl groups, and more preferable tertiary alkoxycarbonyl groups. 

[0214] Examples of the halogen atom include a fluorine atom, a chlorine atom, a bromine atom, and an iodine atom. 
[0215] As the alkylene group are preferable optionally substituted aikylene groups having from 1 to 8 carbon atoms 
such as a methylene group, an ethylene group, a propylene group, a butylene group, a hexylene group, and an octylene 
group. 

[0216] As the alkenylene groups are preferable optionally substituted alkenylene groups having from 2 to 6 carbon 
atoms such as an ethenylene group, a propenylene group, and a butenylene group. 

[0217] As the cycloalkylene group are preferable optionally substituted cycloalkylene groups having from 5 to 8 
carbon atoms such as a cydopentylene group and a cyclohexylene group. 

[0218] As the arylene group are preferable optionally substituted arylene groups having from 6 to 15 carbon atonns 
such as a phenylene group, a tolylene group, and a naphthylene group. 

[0219] These groups may have a substituent. Examples of substituents include an alkyi group, a cycloalkyi group, 
an aryl group, an amino group, an amide group, a ureido group, a urethane group, a hydroxyl group, a group having 
active hydrogen such as a carboxyl group, a halogen atom (such as a fluorine atom, a chlorine atom, a bromide atom, 
and an iodine atom), an alkoxy group (such as a methoxy group, an ethoxy group, a propoxy group, and a butoxy 
group) , a thioethergroup, an acyl group (such as an acetyl group, a propanoyi group, and a benzoyl group), an acyloxy 
group (such as an acetoxy group, a propanoyloxy group, and a benzoyloxy group), an alkoxycarbonyl group (such as 
a methoxycarbonyl group, an ethoxycarbonyi group, and a propoxycarbonyl group), a cyano group, and a nitro group. 
[0220] Examples of the alkyI group, cycloalkyi group and aryl group include those as enumerated previously. The 
alkyI group may further be substituted with a fluorine atom or a cycloalkyi group. 

[0221 ] Examples of the group that is decomposed by the action of an add to exhibit alkali solubility, whk:h is contained 
In the fluorine-containing resin of the invention, Include -0-0(1^ (R37) (Rgg), -0-C(R36) (R37) (OR39), -O-C00-C(R3e) 
(R37)-(R38). -0-C(Roi) {R02) COO-C (Rae) (R37) {R^, -COO-C(R36) (R37) (Raa). and -COO-C(R36) {R37) (OR39). 
[0222] R3Q to Rsg each represents an optionally substituted alkyI group, cycloalkyi group, aiyl group, aralkyi group 
or alkenyl group; and Rq^ and Rq2 each represents a hydrogen atom or an optionally substituted alkyI group, cycloalkyi 
group, alkenyl group, aralkyi group or aryl group. 

[0223] Preferred specifk: examples include ether groups or ester groups of tertiary alkyt groups such as a t-butyl 
group, a t-anrryi group, a 1-alkyl-1-cyclohexyl group, a 2-alkyl-2-adamantyl group, a 2-adamantyl-2-propyl group, and 
a 2-(4-methyk;yclohexyl)-2-propyl group; acetal groups or acetal ester groups such as a 1-alkoxy-1 -ethoxy group and 
a tetrahydropyranyl group; t-aikyi carbonate groups; and t-alkylcarbonylmethoxy groups. 

[0224] Specify exannples of repeating units represented by the general fonnuiae (FA) to (FG) will be given below, 
but it should not be cortstrued that the invention is limited thereto. 




(F-l) 



(F-2) 



(F-3) 



(F-4) 
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[0225] The sum of the contents of repeating units represented by the general fomnulae (FA) to (FG) is in general In 
the range of from 1 0 to 80 % by mole, preferably from 30 to 70 % by mole, and more preferably from 35 to 65 % by 
mole based on the whole of repeating units constituting the resin, 

[0226] For the purpose of further enhancing the perfomnance of the resist of the invention, the resin (B) of the invention 
may be copolymerized with other polymerizable monomers in addition to the foregoing repeating structural units. 
[0227] Examples of copolymerizable monomers that can be used include compounds having one addition polymer- 
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izable unsaturated bond, which are selected from acrylic acid esters, acrylamides, methacrylic acid esters, methacry- 
lamides, altyl compounds, vinyl ethers, vinyl esters, styrenes, and crotonic acid esters other than those described 
previously. 

[0228] It is preferred that such a fluorine-containing resin contains other repeating units as copolymerization com- 
ponents in addition to the foregoing fluorine atom-containing repeating units from the viewpoints of enhancement of 
dry etching resistance, adjustment of alkali solubility, and enhancement of substrate adhesion. Preferred examples of 
such other repeating units are given below. 

[0229] 1) Repeating units having an alicyclic hydrocart>on structure represented by any of the general formulae (pi) 
to (pVI) or the general formula (ll-AB), concretely, the foregoing repeating units 1 to 23 and repeating units [tl-1] to 
[11-32], and preferably, the repeating units 1 to 23 wherein Rx is CF3. 

[0230] 2) Repeating units having a lactone structure represented by the general formula (Lc) or any of the general 
formulae (V-1) to (V-5), and concretely, the foregoing repeating units (IV-1 ) to (IV-1 6) and repeating units (lb-1 ) to (lb-1 1 ). 
[0231] 3) Repeating units represented by any of the following general fomnulae (XV), (XVI) and (XVII), which are 
derived from maleic anhydride or vinyl compounds having a vinyl ether group or a cyano group, and concretely, the 
following repeating units (C-1 ) to (C-1 5). 

[0232] These other repeating units may or may not contain a fluorine atom. 



[0233] In the foregoing general formulae, R4^ represents an alkyi group, a cycloalkyi group, an aralkyi group, or an 
aryl group. 

[0234] R42 represents a hydrogen atom, a halogen atom, a cyano group, an alkyi group, or a haloalkyi group. 
[0235] A5 represents a single bond, a divalent alkylene group, alkenylene group, cycloalkylene group or drylene 
group, -O-CO-R22-, -CO-O-R23-, or -CO-N(R24)-R25-. 

[0236] R22, R23 and R25 may be the same or different and each represents a single bond or a divalent alkylene group, 
alkenylene group, cycloalkylene group or arylene group, each of which may have an ether group, an ester group, an 
amide group, a urethane group, or an ureido group. 

[0237] R24 represents a hydrogen atom or an optionally substituted alkyi group, cycloalkyi group, aralkyi group or 
aryl group. 

[0238] n is 0 or 1 ; and x, y and z each represents an integer of from 0 to 4. 

[0239] Here, examples of the respective substituents include those the same as in the substituents of the general 
fonnulae (FA) to (FG) . 

[0240] Specif k; examples of repeating units represented by the general formulae (XVI) to (XVI 1) will be given below, 
but it should not be construed that the inventton is limited thereto. 




(XV) 



(XVI) 



(xvn) 






C2H5 




CH3 



(C-1) 



(C-2) 



(C-3) 
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4cH2-Ch4- 4CH2-<pH4- 4cH2-(pH-)- 

(C-4) (C-5) (C-6) 

4ch2-ch4- 4ch2-ch4- 4ch2-ch4- 

(C-7) (C^) (C.9) 

CH3 CH2CI <fH2F 

-(-CH2C-)- 4CH2C4 -{-CH2-^4 

CN CN 

(C-10) (C-11) (C-12) 

CH3 CH3 

-ecH2(p4 4ch2-ch4 4CH2-6-4- 

rS rS 

O^CH2CH2-CN 11^ ikJ 

CN CN 

(C-13) (C-i4) (C-15) 



[0241 ] The content of other repeating units such as the repeating units represented by the general f omnutae (XV) to 
(XVII) is in general in the range of from 0 to 70 % by mote, preferably from 10 to 60 % by mole, and more preferably 
from 20 to 50 % b/mole based on the whole of repeating units constituting the resin. 

[0242] The fluorine-containing resin as the acid decomposable resin (B) may contain the acid decomposable group' 
in any repeating unit. 

[0243] The content of the acid decomposable group-containing repeating unit is preferably from 30 to 70 % by mole, 
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more preferably from 35 to 65 % by mole, and further preferably from 40 to 60 % by mole on the base of the whole of 
repeating units. 

[0244] The fluorine-containing resin can be synthesized by radical polymerization in a manner substantially the same 
as in the aiicyclic hydrocarbon based acid decomposable resin. 

[0245] The resin as the component (B) acxjording to the invention preferably has a weight average molecular weight, 
as reduced into polystyrene by the GPC method, of from 1 . 000 to 200, 000. When the weight average molecular weight 
is less than 1 ,000, heat resistance and dry etching resistance are deteriorated, and therefore, such is not so preferable. 
On the other hand, when it exceeds 200,000, developability is deteriorated, or viscosity becomes extremely high, 
leading to not so desirable results such as deterioration of film forming property. 

[0246] In the photosensitive composition of the invention, the compounding amount of the component (B) according 
to the invention in the whole of the composition is preferably from 40 to 99.99 % by weight, and more preferably from 
50 to 99.97 % by weight In the whole of solid contents. 

[0247] (3) (C) Dissolution inhibiting compound that is deconrposed by the action of an acid, whereby its solubility In 
an alkaline developer increases (hereinafter often refen^ed to as "component (C)" or "dissolution inhibiting compound"): 
[0248] As the dissolution Inhibiting compound (C) having a molecular weight of not more than 3,000, which Is de- 
composed by the action of an add, whereby its solubility in an alkaline developer Increases, are preferable add de- 
composable group-containing altoydic or aliphatte compound such as acid decomposable group-containing cholic add 
derivatives as described In Proceeding of SPIE, 2724, 355 (1996), because they do not lower transparency against 
rays of not longer than 220 nm. Examples of the acid decomposable group and the aiicyclic structure include those 
the same as described previously for the aiicyclic hydrocarbon based acid decomposable resin. 
[0249] In the case where the photosensitive composition of the invention is exposed to KrF excimer laser or in^adiated 
with electron beams, those having a structure in whk^h a phenolk: hydroxyl group of a phenol compound is substituted 
with an ackl decomposable group are preferable. As the phenol compound are preferable those having from 1 to 9 
phenol skeletons, and more preferably from 2 to 6 phenol skeletons. 

[0250] In the invention, the dissolution inhibiting compound has a molecule weight of not more than 3,000, preferably 
from 300 to 3,000, and more preferably from 500 to 2,500. 

[0251 ] The addition amount of the dissolution inhibiting compound is preferable from 3 to 50 % by weight, and more 
preferably from 5 to 40 % by weight based on the solids content of the photosensitive composition. 
[0252] Speclfb examples of dissolution inhibiting compounds will be described below, but it should not be construed 
that the Invention is limited thereto. 




0 



HO 



HO 




OH 



COOt-Bu 
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Q-C2HS 




COO-t-Bu 



COO-t-Bu 





COO-t-Bu 



[0253] (4) (D) Alkaline developer-soluble resin (hereinafter often referred to as "component (D)" or "alkall-sotuble 
resin"): 

[0254] The alkali'Soluble resin preferably has an alkali dissolution speed, as measured in 0.261 N tetramethylam- 
monium hydroxide (TMAH) (at 23 **C) , of 20 angstrems/sec or more, and particularly preferably 200 angstroms/sec 
or more. 

[0255] Examples of alkali-soluble resins that are used in the invention Include novolak resins, hydrogenated novolak 
resins, acetone-pyrogallol reins, o-polyhydroxystyrenes, m-polyhydroxystyrcnes, p-polyhydroxystyrenes, hydrogenat- 
ed polyhydroxystyrenes, halogen- or alkyl-substltuted polyhydroxystyrenes, hydroxystyrene-N-substituted maleimide 
copolymers, o/p- and m/p-hydroxystyrene copolymers, partially 0-alkylated compounds against hydroxyl groups of 
polyhydroxystyrene (such as from 5 to 30 % by mole O-methylated compounds, 0-(1-methoxy)ethylated compounds, 
0-(1-ethyl)ethylated compounds, 02-tetrahydropyranylated compounds and 0-(t-butoxycart)onyl)methylated com- 
pounds), partially 0-acylated compounds against hydroxyl groups of polyhydroxystyrene (such as from 5 to 30 % by 
mole 0-acetylated compounds and 0-(t-butoxy)carbonylate compounds), styrene-malete anhydride copolymers, sty- 
rene-hydroxystyrene copolymers, a-methylstyrene-hydroxystyrene copolymers, carboxyl group-containing methacryl- 
ic resins and derivatives thereof, and polyvinyl ateohol derivatives. However, it should not be construed that the invention 
is limited thereto. 

[0256] Of these alkali-soluble resins are particularty preferable novolak resins; o-polyhydroxystyrenes, m-polyhy- 
droxystyrenes, p-polyhydroxystyrenes, and copolymers thereof; alkyl-substituted polyhydroxystyrenes; partially O- 
aikyiated or O-acytated compounds of poiyhydrostyrenes; styrene-hydroxystyrene copolymers; and a-methylstyrene- 
hydroxystyrene copolymers. 

[0257] The novolak resins are obtained by subjecting prescn'bed monomers as major components to addition con- 
densation with an aldehyde in the presence of an acid catalyst. 

[0258] The alkali-soluble resin has a weight average molecular weight of 2, 000 or more, preferably from 5, 000 to 
200,000, and more preferably from 5,000 to 100,000. 
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[0259] Here, the weight average molecular weight Is defined as a value reduced into polystyrene by gel pemieatlon 
chromatography. 

[0260] In the Invention, the alkali-soluble resin (D) may be used in combination of two or more thereof. 

[0261] The amount of the alkali-soluble resin to be used is from 40 to 97 % by weight, and preferably from 60 to 90 

% by weight based on the solids content of whole of the composition of the photosensitive composition. 

[0262] (5) (E) Acid crosslinking agent capable of crosslinking with the alkaline developer-soluble resin by the action 

of an acid (hereinafter often referred to as "component (E)" or "crosslinking agenr): 

[0263] In the negative photosensitive composition of the invention, a crosslinking agent is used. 

[0264] As the crosslinking agent, any compounds capable of crosslinking with the alkaline developer by the action 

of an acid can be used, but the following compounds (1) to (3) are preferable. 

(1) Hydroxymethyl compounds, alkoxymethyl compounds and acyloxymethyl compounds of phenol derivatives. 

(2) Compounds having an N-hydroxymethyl group, an N-alkoxymethyt group, or an N-acyloxymethyl group 

(3) Compounds having an epoxy group 

[0265] As the alkoxymethyl group are preferable those having not more than 6 carbon atoms; and as the acyloxyme- 
thyl group are preferably those having not more than 6 carbon atoms. 
[0266] Of these crosslinking agents, partteularly preferred examples are enumerated below. 
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5 





10 



[0267] In the foregoing general fonmulae, to Lg may be the same or different and each represents a hydrogen 
atom, a hydroxymethyl group, a methoxymethyl group, an ethoxymethyt group, or an alky! group having from 1 to 6 
carbon atoms. 

[0268] The crosslinl<ing agent is used in an addition amount of from 3 to 70 % by weight, and preferably from 5 to 
IS 50 % by weight in the solids content of the photosensitive composition. 

[0269] When the addition amount of the crosslinking agent is less than 3 % by weight, film retention rate is lowered. 
On the other hand, when It exceeds 70 % by weight, resolution is lowered, and such Is not so preferable from the 
standpoint of stability of the composition during storage. 

20 <Other components to be used In the photosensitive composition of the lnvention> 

[0270] (6) (F) Basic compound: 

[0271 ] For reducing changes of performance with time from exposure until heating, It Is pref en-ed that the photosen- 
sitive composition of the Invention contains (F) a basic compound. 
25 [0272] As the structure are preferable structures represented by the following formulae (A) to (E). 



35 [0273] Here, R^so, r251 r252 each independentiy represents a hydrogen atom, an alley! group having from 1 to 
20 carbon atoms, an aminoallcyl group having from 1 to 20 carbon atoms, a hydroxyalkyi group having from 1 to 20 , 
carbon atoms, or a substituted or unsubstltuted aryl group having from 6 to 20 carbon atoms; and and may 
be bonded to each other to form a ring. 

[0274] These groups may contain an oxygen atom, a sulfur atom, or a nitrogen atom in the alkyi chains thereof. 



30 



JJ251 



(A) 
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r254 r255 
R2S3_i_i_i_R256 -(E) 
I i 



[0275] In the foregoing general fomnula, R253^ r254^ r255 and R^ss each independently represents an alkyi group 

10 having from 1 to 6 carbon atoms. 

[0276] Preferred examples of such compounds include substituted or unsubstituted guanidines, substituted or un- 
substltuted amlnopyrrolldines, substituted or unsubstituted pyrazotes, substituted or unsubstituted pyrazollnes, sub- 
stituted or unsubstituted piperazlnes, substituted or unsubstituted aminomorpholines, substituted or unsubstituted ami* 
noalkylmorpholines, and substituted or unsubstituted piperidines. More prefen-ed examples of compounds include com- 

is pounds having an imidazole structure, a diazablcycio structure, an onlum hydroxide structure, an onium carboxylate 
structure, a triallcylamine structure, an aniline structure, or a pyridine stmcture, alkylamine derivatives having a hydroxyl 
group and/or an ether bond, and aniline derivatives having a hydroxyl group and/or an ether bond. 
[0277] Examples of compounds having an imidazole structure Include imidazole, 2,4,54riphenyl imidazole, and ben- 
zimldazole. Examples of compounds having a diazablcycio structure include 1 ,9-diazabicyclo[2,2,2]octane, 1 ,5-di- 

20 azablcyclo[4,3,0]nona-5-ene, and 1 ,8-dlazabicyclo[5,4,0]undeca-7-ene. Examples of compounds having an onium hy- 
droxide structure include triarylsulfonium hydroxides, phenacylsutfonium hydroxides, and 2-oxoalkyl group-containing 
sulfonium hydroxides, and specific examples include triphenytsulfonium hydroxide, tris(t-butylphenyi)sulfonium hydrox- 
ide, bls(t-butylphenyl)iodonlum hydroxide, phenacylthiophenium hydroxide, and 2-oxopropytthiophenium hydroxide. 
Examples of compounds having an onium carboxylate structure include compounds having an onlum hydroxide com- 

25 pound in which an anion segment Is a carboxylate, such as acetates, adamantane-1-carboxylates, and perfluoroalkyl 
carboxyiates. Examples of compounds having a triallcylamine structure include tri (n-butyl)amlne and tri (n-octyl) amine. 
Examples of aniline compounds Include 2,6-dllsopropylannine and N,N-dlmethylaniline. Examples of alkylamine de- 
rivatives having a hydroxy! group and/or an ether bond Include ethanolamine, diethanolamlne, triethanolamlne, and 
tris-(methoxyethoxyethyi)amine. Examples of aniline derivatives having a hydroxy! group and/or an ether bond Include 

30 N,N-bis(hydroxyethyl)aniline. 

[0278] These basic compounds may be used singly or in admixture of two or more thereof. The amount of the basb 
compound to be used is usually from 0. 001 to 10 % by weight, and preferably from 0.01 to 5 % by weight based on 
the solids content of the photosensitive composition. 

[0279] When the amount of the basic compound is less than 0.001 % by weight, the effect to be brought by the 
35 addition of the basic compound Is not obtained. On the other hand, when it exceeds 1 0 % by weight, sensitive is liable 
to be lowered, or developabitlty in non-exposed areas Is liable to be deteriorated. 

[0280] (7) (G) Surfactant containing at least one of a fluorine atom and a silicon atom (fluorine and^or silicon based 
surfactant): 

[0281] It is prefenred that the photosensitive composition of the Invention contains any one of fluorine and/or sllkx)n 
^ based surfactants (such as fluorine based surfactants, silicon based surfactants, and surfactants containing both a 
fluorine atom and a silicon atom), or a combination of two or more thereof. 

[0282] By containing a fluorine and/or silicon based surfactant in the photosensitive composition of the Invention, it 
is possible to give resist pattems having good sensitivity and resolution and less adhesion and development failure 
during use of an exposure source of not longer than 250 nm, and especially not longer than 220 nm. 
[0283] Examples of such fluorine and/or silicon based surfactants Include surfactants as described in JP-A-62 -36663, 
JP-A-61 -226746, J P^-61 -226745, J P-A-62- 170950, JP^-63-34540, JP-A-7-230165, JP^-8-62834, JP-A-9-54432, 
JP-A-9-5988, JP-A-2002-277862, and U.S. Patent Nos. 5,405.720, 5,360,692, 5,529,881, 5,296,330, 5,436,098, 
5,576,143, 5,294,511 and 5,824,451 . The following commercially available surfactants can also be used as they are. 
[0284] Examples of commercially available surfactants that can be used include fluorine based surfactants or silbon 

50 based surfactants such as Eftop EF301 and Eftop EF303 (manufactured by Shin Akita ChemicaO, Fluorad FC430 and 
Fluorad FC431 (manufactured by Sumitomo 3M), Megaface F1 71 , Megaf ace F173, Megaface F176, Megaface F189 
and Megaface R08 (manufactured by Dainippon Ink and Chemicals, Incorporated), Surflon S-382, Surflon SCI 01, 
Surflon 1 02, Surflon 1 03, Surflon 1 04, Surflon 1 05 and Surflon 1 06 (manufactured by Asahi Glass Co., Ltd.), and Troy 
Sol S-366 (manufactured by Troy Chembal Industries, Inc.). Further, a polysitoxane polymer, KP-341 (manufactured 

55 by Shin-Etsu Chemical Co. , Ltd.) can also be used as a silbon based surfactant. 

[0285] Besides the foregoing known surfactants, surfactants using fluoro aliphatic group-containing polymers derived 
from fluoro aliphatic compounds produced by telomerization (often called as "telomer method") or oligomerization (often 
called as "oligomer method") can also be used as the surfactant. Such fluoro aliphatk; compounds can be synthesized 
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by the method described in JP-A-2002-90991 . 

[0286] As the fluoro aliphatic group-containing polymer are preferable copolymers of a fluoro aliphatic group-con- 
taining monomer and a (polyCoxyalkylene)) acrylate and/or a {poly(oxyallcylene)) methacrylate, which maybe Irregularly 
distributed or block copolymerized. As the poly(oxyalkylene) group, a poly(oxyethylene) group, a poly (oxypropylene) 
group, and a poly(oxybutylene) group can be enumerated, and units containing alkylenes having a different chain 
length in the same chain, such as a poly(oxyethylen6/oxypropyIene/oxyethylene block connected body) group and a 
poly(oxyethytene/oxyprDpylene block connected body) group can also be enumerated. Moreover, the copolymers of 
a fluoro aliphatk: group-containing monomer and a (poly(oxyalkylene)) acrylate (or methacrylate) include not only binary 
copolymers but also ternary copolymers or multiple-component polymers obtained by simultaneously copolymerizing 
two or more different kinds of fluoro aliphatic group-containing monomers and two or more different kinds of (poly 
(oxyalkylene)) acrylates (or methacrylates). 

[0287] Examples of commercially available surfactants include Megaface F1 78, Megaface F-470, Megaface F-473, 
Megaface F-475, Megaface F'476, and Megaface F-472 (manufactured by Dainippon Ink and Chemicals, Incorproat- 
ed). Other examples Include copolymers of a CgF^3 group-containing acrylate (or methacrylate) and a (poly(oxy- 
alkylene)) acrylate (or methacrylate) , copolymers of a CgFia group-containing acrylate (or methacrylate), a (poly(ox- 
yethylene)) acrylate (or methacrylate) and a (poly(oxypropylene) acrylate (or methacrylate) , copolymers of a C^F^j 
group-containing acrylate (or methacrylate) and a (poly(oxyalkylene)) acrylate (or methacrylate), and copolymers of a 
CgF^y group-containing acrylate (or methacrylate), a (poly(oxyethylene)) acrylate (or methacrylate) and a (poly(oxy- 
propylene) acrylate (or methacrylate). 

[0288] The amount of the fluorine and/or silicon based surfactant to be used is preferably from 0. 0001 to 2 % by 
weight, and more preferably from 0.001 to 1 % by weight based on the total amount of the photosensitive composition 
(exclusive of the solvent). 
[0289] (8) (H) Organic soh^nt 

[0290] The photosensitive composition of the Invention is used after dissolving the foregoing components in a pre- 
scribed solvent. 

[0291] Examples of solvents that can be used include ethylene dichloride, cyclohexanone, cyclopentanone, 2-hep- 
tanone, Y-butyrolactone, methyl ethyl ketone, ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, 
2-methoxyethyl acetate, ethylene glycol monoethyl ether acetate, propylene glycol monomethyl ether, propylene glycol 
mononnethyl ether acetate, toluene, ethyl acetate, methyl lactate, ethyl lactate, methyl methoxypropionate, etiiyl ethox- 
ypropionate, methyl pyruvate, ethyl pyruvate, propyl pyruvate, N.N-dimethylformamide, dimethyl sulfoxide, N-methyl- 
pyrrotidone, and tetrahydrofuran. 

[0292] In the invention, though the organk: solvent may be used singly or in admixture, it is preferred to use a mixed 
solvent of a soh^ent containing a hydroxyl group in the structure thereof and a hydroxyl group-free solvent. Thus, It Is 
possible reduce the generation of partbles during preservation of resists. 

[0293] Examples of hydroxyl group-containing solvents include ethylene glycol, ethylene glycol monomethyl ether, 
ethylene glycol monoethyl ether, propylene glycol, propylene glycol monomethyl ether, propylene glycol monoethyl 
ether, and ethyl lactate. Of these are partteularty preferable propylene glycol monomethyl ether and ethyl lactate. 
[0294] Examples of hydroxy! group-free solvents include propylene glycol monomethyl ether acetate, ethylethoxy 
propionate, 2-heptanone, y-butyrolactone, cyclohexanone, butyl acetate, N-methylpyrrolMone, N,N-dlmethylaceta- 
mide, and dimethyl sulfoxide. Of these are particulariy preferable propylene glycol monomethyl ether acetate, ethyl- 
ethoxy propionate, 2-heptanone, y-butyrolactone, cyclohexanone, and butyl acetate, and most preferable propylene 
glycol monomethyl ether acetate, ethylethoxy propionate, and 2-heptanone. 

[0295] A mixing ratio (by weight) of the hydroxyl group-containing solvent to the hydroxyl group-free solvent is from 
1/99 to 99/1 , preferably from 1 0/90 to 90/1 0, and more preferably from 20/80 to 60/40. A mixed solvent containing 50 
% by weight or more of the hydroxyl group-free sohfent is partteularly preferable from the viewpoint of coating unlfomnlty. 

<Otheradditives> 

[0296] The photosensitive composition of the Invention can f urtiier contain dyes, plasticizers, surfactants other the 
foregoing component (G), photo-sensltizers, and compounds for accelerating dissolution In a developer, as the need 

arises. 

[0297] The compounds for accelerating dissolution In a developer, which can be used In the invention, are a low- 
molecular compound containing two or more phenolk: OH groups or one or more carboxyl groups and having a mo- 
lecular weight of not more than 1 ,000. 1 n the case where a carboxyl group Is contained, alk^yclk: or aliphatic compounds 
are preferable. 

[0298] The content of such a compound for accelerating dissolution In a developer is preferably from 2 to 50 % by 
weight, and more preferably from 5 to 30 % by weight on a basis of the resin (B) or resin (D). When the content of such 
a compound for accelerating dissolution in a developer exceeds 50 % by weight, development residue is deteriorated, 
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and a new defect such that a pattern is defonned during development arises, therefore, such is not preferred. 
[0299] Such phenol compounds having a molecular weight of not more than 1,000 can easily be synthesized by 
those skilled in the art while refem'ng to methods as described in JP-A-4-t22938, JP-A-2-28531 , U.S. Patent Mb. 
4,916,210, and European Patent No. 219,294. 
5 [0300] Specific examples of cartDOxyl group-containing alicycllc or aliphatic compounds include carboxylic acid de- 
rivatives having a steroid structure such as cholic acid, deoxycholic acid, and lithocholic acid, adamantanecarit)oxylic 
acid derivatives, adamantanedicarboxyllc acid, cydohexanecarboxylic acid, and cydohexanedicarboxylic acid, but It 
should not be construed that the invention is limited thereto. 

[0301 ] In the Invention, other surfactants than the foregoing fluorine and/or silicon based surfactant (G) can also be 
10 added. Specific examples include nonlonic surfactants such as polyoxyethylene alkyi ethers, polyoxyethyiene alkylaryl 
ethers, polyoxyethylene/polyoxypropylene block copolymers, sorbitan aliphatic esters, and polyoxyethylene sori^itan 
aliphatk: esters. 

[0302] These surfactants may be added singly or In combination of two or more thereof. 
IS «Use method» 

[0303] The photosensitive composition of the Invention is used by dissolving the foregoing components in a pre- 
scribed organk: solvent, and preferably the foregoing mixed solvent and then coating the solution on a prescribed 
support in the following manner. 
20 [0304] For example, the photosensitive composition is coated on a substrate as used for fabrication of large scale 
integration circuits (such as slllcon/silkx)n dioxide-coated substrates) in an appropriate coating method using a spinner, 
a coater, etc. 

[0305] After coating, the photosensitive composition is in^adiated with acting rays through a prescribed mask and 
baked to undergo development. TTiere can be thus obtained a good pattem. Examples of actink: rays include infrared 

25 rays, visible rays, ultraviolet rays, far u Itraviolet rays, X rays, and electron beams. Of these are preferable far uttravlolet 
rays of not longer than 250 nm, and more preferably not loner than 220 nm. Specifte examples include KrF excimer 
laser (248 nm), ArF excimer laser (193 nm), Fg excimer laser (157 nm), X rays, and electron beams, with ArF excimer 
layer and Fg excimer laser being partk:ulariy pretended. Incidentally, in the invention, it should be construed that X rays 
and electron beams are Included within the scope of the actinic rays. 

30 [0306] In the development step, the developer is used in the following manner. Examples of developers for resist 
composition include alkaline aqueous solutions such as inorganic alkalis such as sodium hydroxide, potassium hy- 
droxide, sodium carbonate, sodium silk;ate, sodium metasilcate, and ammonia water; primary amines such as ethyl- 
amine and n-propylamlne; secondary amines such as diethylamine and dl-n-butylamine; tertiary amines such as tri- 
ethylamine and methytdiethylamlne; ateoholamines such as dimethylethanolamine and triethanolamlne; quaternary 

35 ammonium salts such as tetramethylammonium hydroxide and tetraethylammonlum hydroxide; and cyclic amines such 
as pyrrole and piperidine. 

[0307] Additionally, suitable amounts of alcohols and surfactants can be added to the foregoing alkaline developer. 
[0308] The alkali concentration of the alkaline developer is usually from 0.1 to 20 % by weight, preferably from 0.2 
to 1 5 % by weight, and more preferably from 0.5 to 1 0 % by weight. 
40 [0309] The pH of the alkaline developer is usually from 1 0.0 to 1 5.0, preferably from 1 0.5 to 1 4.5, and more preferably 

from 11.0 to 14.0. 

[0310] The invention will be described below in more detail with reference to the foltowing Examples, but it should 
not be construed that the invention is limited thereto. 

^ <Synthesls of acki generator (A)> 

Synthesis Example 1 : Synthesis of Compound (1-1) 

[031 1] Acetonitrile (300 mL) was mixed with 20.3 g of diisopropyl ketone, 32 g of sodium iodide, and 21 .6 g of tri- 
so ethylamine, to which was gradually added 23.1 g of chlorotrimethylsllane. The mixed solution was reacted at 50 °C for 
4 hours and then allowed to stand for cooling. The reaction mixture was poured into ice and extracted with hexane. 
An organic phase was rinsed with a sodium hydrogencarbonate solution, dried, and then concentrated. The resultant 
was purified by distillation in vacuo to obtain 32 g of 2,4-dimetiiyl-3-trimetiiylsilyloxy-2-pentene (silylenol ether of di- 
isopropyl ketone). The resulting silylenol ether (15 g) and 8.8 g of tetramethylene sulfoxide were dissoh^ed in 150 mL 
55 of chlorofonn under a nitrogen gas stream. The solution was cooled to -30 ''C or lower, and 1 7.7 g of trifluoroacetic 
anhydride was added dropwise thereto over 30 minutes. The mixture was reacted at room temperature for 1 hour, and 
a solution of potassium nonafluorobutanesulfonate in acetonitrileAwater was added to the reaction mixture. The mixture 
was extracted with chloroform, and an organic phase was subjected to alkali rinsing with a 5 % by weight tetramethy- 
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lammonium hydroxide aqueous solution, followed by rinsing with distilled water until aqueous phases had become 
neutral. An organic phase was concentrated, and dilsopropyl ether was added to the resulting crude product to deposit 
a powder. The powder was collected by filtration to obtain 17 g of Compound (1-1). 
300 MHz IH-NMR (CDCI3) 
5 51.18(d,6H),61.85{s,6H),52.2to2.4(m,4H).63.1 (m. 1H), S3.4to 3.7 (m. 4H) 

<Synthesls of Resin (B)> 

Synthesis Example 1 : Synthesis of Resin (1 ) (side-chain type) 

10 

[0312] 2-Ethyl-2-adamantyl methacrylate and butyrolactone methacrylate were charged in a ratio of 55/45 and dis- 
solved in methyl ethyl ketone/tetrahydrofuran (5/5) to prepare 100 mL of a solution having a concentration of solid 
contents of 20 %, To this solution was added 2 % by mole of V-65 (manufactured by Wako Pure Chemical Industries, 
Ltd.), and the mixture was added dropwise to 10 mL of methyl ethyl ketone heated at 60 ^'C in a nitrogen atmosphere 
IS over 4 hours. After completion of the dropwise addition, the reaction mixture was heated for 4 hours, to which was 
added again 1 % by mole of V-65, and the mixture was stirred for 4 hours. After completion of the reaction, the reaction 
mixture was cooled to room temperature and crystallized from 3 L of a mixed solvent of distilled water/isopropyl alcohol 
(1/1) to recover Resin (1) as a deposited white powder. 

[0313] Resin (1) had a polymer composition ratio, as detemnined by C^^ NMR, of 46/54. Further, Resin (1) had a 
20 weight average molecular weight, as reduced into standard polystyrene by the GPC measurement, of 10,700. 
[0314] Resins (2) to (12), (26) and (27) were synthesized in the same manner as in Synthesis Example 1 . 
[0315] Structures and molecular weights of Resins (1) to (12), (26) and (27) will be given below. 



25 



35 



40 



45 



50 . 



55 
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Molecular weight 




9300 



7600 



Synthesis Example 2: Synthesis of Resin (13) (main chain type) 

[0316] Into a separable flask were charged nort>omenecarboxyllc acid t-butyl ester, norbomenecarboxylic acid bu- 
tyrolactone ester and maleic anhydride (molar ratio: 40/1 0/50) and TIHF (reaction concentration: 60 % by weight), and 

25 the mixture was heated at 60 ""C in a nitrogen gas stream. When the reaction temperature became stable, 2 % by mole 
of a rad'K^al initiator, V-601 (manufactured by Wako Pure Chemteal Industries, Ltd.) was added thereto to start reaction. 
The mixture was heated for 12 hours. The resulting reaction mixture was diluted two times with tetrahydrofuran and 
added to a mixed solution of hexane/isopropyl alcohol (1/1) to deposit a white powder. The deposited powder was 
collected by filtration and dried to obtain desired Resin (13). 

30 [0317] The obtained Resin (13) was analyzed for molecular weight by GPC and found to have a weight average 
molecular weight, as reduced into polystyrene, of 8,300. Further, it was confimied from NMR spectrum that Resin (13) 
had a molar ratio of repeating units of norbomenecarboxylk: add t-butyl ester to norbomenecart)oxylic acid butyrotac- 
tone ester to maleic anhydride of 42/8/50. 

[0318] Resins (14) to (1 9) were synthesized in the same manner as in Synthesis Example 2. 
35 [0319] Structures and molecular weights of Resins (13) and (1 9) will be given below. 
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(15) 




Molecular weight 
OO-f- COO-(J 8300 






(.6) ^ ^ 



;ooH 



'''' Hoc^^"' Hooj:: 



50 





9600 



4700 



"ta^33 ^fc^IT -Jot 60 

)o-p 



50 



Synthesis Example 3: Synthesis of Resin (20) (Hybrid type) 

[0320] In a reaction vessel were charged norbomene, maleic anhydride, t-butyl acrylate, and 2-methylcydohexyi- 
2-propyl acrylate in a molar ratio of 35/35/20/10 and dissolved in tetrahydrofuran to prepare a solution having a solids 
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content of 60 %. This solution was heated at 65 ""C under a nitrogen gas stream. VVhen the reaction temperature 
became stable, 1 % by mole of a radical initiator, V-601 (manufactured by V^ako Pure Chemical Industries, Ltd.) was 
added thereto to start reaction. The mixture was heated for 8 hours, and the reaction mixture was diluted two times 
with tetrahydrofuran. Thereafter, the reaction mixture was added to 5 times by volume of hexane to deposit a white 
powder. The deposited powder was collected by filtration and dissolved in methyl ethyl ketone. The solution was re- 
precipitated in 5 times by volume of a mixed solvent of hexane/t-butyl methyl ether (1/1). A deposited white powder 
was collected by filtration and dried to obtain desired Resin (20) . 

[0321] The obtained Resin (20) was analyzed for molecular weight by GPC and found to have a weight average 
molecular weight, as reduced into polystyrene, of 12,100. Further, it was confimied from NMR spectmm that Resin 
(20) had a composition of norbomene to maleic anhydride to t-butyl acrylate to 2-methylcyclohexyl-2-propyl acrylate 
of 32/39/19/10 in tenns of molar ratio. 

[0322] Resins (21) to (25) were synthesized in the same manner as in Synthesis Example 3. 
[0323] Structures and molecular weights of Resins (20) and (25) will be given below. 
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Molecular weight 



13900 




O . 



(22) 




12400 



(23) (/ \).. ~t7-T^i9-(-CH2-|-h36 -ftH,-^ 





12700 



(24) 




10800 



9300 




Synthesis Example 4: Synthesis of Resin (Flt-1) 

[0324] t-Butyl a-trifluoromethylacrylate (20 g) and 20 g of 3-(2-hyclroxymethyl-2^-bistrifluoromethylethyOnorbomene 
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were dissolved in 40 g of THF, and the solution was heated to 70 ''C under a nitrogen gas strean). Thereafter, 2.0 g of 
a polymerization initiator, V-65 (manufactured by Wako Pure Chemical Industries, Ltd. ) was added thereto, and the 
mixture was stirred for 6 hours as it was. After allowing the reaction mixture to stand for cooling to room temperature, 
300 mL of hexane was added to the reaction mixture to recover a deposited resin. The obtained resin was dissolved 
5 in acetone, and hexane was again added to the solution to remove unreacted monomers and oligomer components. 
There was thus obtained Resin (Fil-1) to be used in the invention. 

[0325] Resins (Fll-2) to (FII-26) were synthesized in the same manner as In Synthesis Example 4. 
[0326] Structures of Resins (FII-1) to (FII-26) will be given below. 

[0327] Further, weight average molecular weights of Resins (FII-1 ) to (FII-26) will be shown in Tables 1 to 2. 

10 
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(FII-26) (PII.26) 

10 



Table 1 



15 


Resin 


Weight aversQe molecular weight 
(Mw) 


Dearee of disDersion 


Content of ollaomerB havina a fnolecular 

weight of not more than 1 ,000 




(FII-1) 


15200 


1.45 


5 


20 


(FII-2) 


24000 


1.75 


8 


(FII-3) 


18200 


1.85 


7 




(FII-4) 


16500 


1.46 


6 




(FII-5) 


9500 


1.58 


8 


25 


(FII-6) 


19500 


2.02 


8 




(FII-7) 


6500 


1.85 


7 




(FII-8) 


28400 


1.68 


9 


30 


(FII-9) 


28600 


1.44 


5 


(FII-1 0) 


12800 


1.65 


8 




(FIM1 ) 


16800 


1.68 


9 




(F1M2) 


28400 


1.58 


6 


35 


(FIM3) 


19800 


1.69 


8 




(FIM4) 


8700 


1.95 


8 




(FII-1 5) 


15200 


1.46 


7 


40 


(FII-1 6) 


19500 


1.65 


4 


(FIM7) 


16900 


1.42 


8 




{FIM8) 


15900 


1.85 


9 




(FH-19) 


15000 


1.55 


4 


45 


(FII-20) 


12500 


1.88 


8 




(FII-21) 


25000 


1.68 


9 




(FII-22) 


16000 


1.54 


7 


50 


(FII-23) 


14600 


1,95 


5 




(FII-24) 


17500 


1.48 


5 
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Table 2 



Resin 


Weight average molecular weight 
(Mw) 


Degree of dispersion 


Content of oligomers having a molecular 
weight of not more than 1 ,000 


(FII-25) 


16500 


1.52 


6 


(FII-26) 


14600 


1.63 


5 



<Resin (D)> 

[0328] Structures, molecular weights and molecular weight distributions of resins (D) to be used In the Examples will 
be given below. 



Mw Mw/Mn 
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P-6 is VP-5000 manufactured by Nippon Soda Co.. Ltd. 
<Crosslinlcing agent (E)> 

[0329] Structures of crosslinking agents to be used in the Examples will be given below. 





HO 


OH- 


'A 




HO 


CL-1 






CL.2 





CU4 



CHjOMe CH20Me 
MeOHzCr^^CHjOMe 



CL-S 



CH20Me 
CL-6 



MeOHjq CHjOMe 

MeOH2G CHtOMo 
CX-7 



MeOHjC-iyj-^-CHjOMB 
H H 

CL-8 
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Examples 1 to 36 and Comparative Example 1 : 
<Preparatlon of reslst> 

[0330] Components as shown In Table 3 or 4 were dissolved In a solvent to prepare solutions each having a con- 
centration of solid contents of 1 2 % by weight. Each of the solutions was filtered through a 0.1 ^m polytetraf luoroethylene 
filter or polyethylene filter to prepare positive resist solutions. The thus prepared positive resist solutions were evaluated 
in the following methods. The results are shown in Tables 5 and 6. 
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Component (C) 
to) 


» 


1 


1 






00 ^ 

<^ 

— 1 ^ 


1 


• 


• 






t 


Solvent 
(weight ratio) 


A1 
■ =100 


^8 
< ^ 
II 


^8 
11 


A3/B1 
= 80/20 


A2/B1 
= 90/10 


A4/B1 
= 90/10 


A1/B1 
= 50/50 


A1/B1 
= 90/10 


A5/B2 
= 90/10 


A1/B1 
= 95/5 


A1/B1 
= 90/10 


A1/B1 
= 95/5 


*£ ^ 
S8 

CO 


i 


i 




% 


W-3 




5 


i 


W-1 


i 


W-2 




Basic 
Compound (g) 


m CD 
Q CD 


TMEA 
(0.02) 


IPSA 
(0.02) 


HEP 
(0.01) 


< to 
0<=i 
t- Q. 


TBAH 
(0.01) 


TPA 
(0.007) 


m O 
Q CD 


=- tn 
Q- o 

»-cj 


»- CD 


<C tM 


DIA(0.01) 
HAP (0.01) 


Acid generator 


M (0.6) 


1-2(0.5) 
Z33(0.15) 


1-3(0.3) 
Z46(0.2) 


1-4 (0.3) 
Z44(0.2) 


1-5(0.6) 
Z45(0.1) 


1-1 (0.3) 
Z31 (0.15) 


1-1 (0.05) 
Z33(0.15) 
Z31 (0.3) 


1-10(0.5) 


1-11 (0.1) 

Z3(0.2) 


1-8(0.2) 
Z34(0.2) 


1-14(0.1) 
Z1 (0.05) 
Z26(0.1) 


1-15(0.3) 
Z33(0.15) 


CD ^ 
o 










in 


SS- 
















Example 1 


Example 2 


Examples. 


Example 4 


Example 5 


Example 6 


Example 7 


Example 8 


Example 9 


Example 10 


Example 11 


Example 12 
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Component (C) 
(a) 


» 








1 


t 










1 


1 


Solvent 
(weight ratio) 


A1/B1 
= 95/5 


A1/B1 
= 95/5 


A1/B1 
= 80/20 


o 

T- O 

< 

II 


o 
o 
< ^ 
II 


< ^ 

it 


A1/B1 
= 95/5 


A1/B1 
= 95/5 


A1/B1 
= 95/5 


A1/B1 
= 80/20 


A1/B1 
= 90/10 


A3/B2 
= 80/20 


Surfactant 
(0.03 p) 


i 






; 




i 




i 


i 


i • 


W-2 




Basic 
Compound (g) 


CO 

Q- o 


CO o 
a o. 


DIA 
(0.02) 


TPA 

(0.01) 


— fo 
a. o 


< ^ 


TPI 
(0.02) 


CO 
D. O 


DBN 
(0.02) 


DIA (0.01) 
HAP (0.01) 


TPSA 
(0.02) 


III O 


Acid generator 
(g) 


M6(0.3) 
Z14(0.1) 


1-17(0.2) 
Z21 (0.3) 
Z33 (0.075) 


1-18(0.2) 
Z7(0.05) 
Z2(0.1) 


1-19(0.1) 
Z33(0.2) 


1-20(0.1) 
Z33 (0.2) 


1-21(0.2) 
222(0,2) 


1-22(0,3) 
229(0.1) 
235(0.2) 


1-23(0,2) 
Z17(0.2] 


1-24(0.2) 
232(0.2) 


1-25(0.5) 
28(0.1) 


1-26(0.4) 
Z41 (0.15) 


1-27(0.1) 
Z5(0.15) 


CO ^ 

.So 


CO* 




(15) 










(20) 




(22) 


(23) 


(24) 




'Example 13 


Example 14 


Example 15 


Example 16 


Example 17 


Example 18 


Example 19 


Example 20 


Example 21 


Example 22 


Example 23 


Example 24 
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Component (C) 
la) 


• 


1 




Solvent 
(welgtit ratio) 


A2/B1 
= 90/10 


A4/B1 
= 90/10 


A1/B1 
= 50/50 


Surfactant 
(0.03 g) 


i 


W-3 


i 


Basic 
Compound (g) 


DIA 
(0.02) 


<r <^ 
S *=? 
<=> o 


TPA 
(0.007) 


Acid generator 
(g) 


1-28(0.15) 
Z13 (0,15) 


1-29(0.7) 
Z12(0.1) 


1-30(0.1) 
Z43(0.2) 




(25) 


(26) 

1 


(27) 




Example 25 . 


Example 26 


Example 27 
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Solvent 
. (weight ratio) 


A1/B1 
= 60/40 


A1/B1 
= 60/40 


A1/B1 
= 60/40 


A1/B1 
= 60/40 


A1/B1 
= 60/40 


A1/B1 
= 60/40 


A1/B1 
= 60/40 


A1/B1 
= 60/40 


A1/B1 
= 60/40 


o 
o 
< ^ 

II 


Surfactant 
(0.03 q) 




I 


I 


; 




W-4 


1 


i 


i 


w-1 


Basic 
Compound (g) 


DIA(0.02) 
PEA (0.02) 


DIA(0.01) 
PEA (0.02) 


DIA(0.02) 
PEA (0.01) 


DIA(0.03) 
PEA (0.02) 


DIA(O.OI) 
TMEA(0.01) 


OIA(0.01) 
DCMA (0.005) 


REA(0.02) 


PEA (0.01) 
DCMA (0.005) 


DIA(0.01) 
PEA (0.01) 


DON (0.02) 


Acid generator 
(a) 


o S 
— rsi 


1-18(0.5) , 
Z45 (0.2) 


1-25(0.7) 
Z43(0.1) 


1-1 (0.2) 
Z33(0.15) 
Z46 (0.4) 


1-1 (0.5) 
Z40(0.3) 


1-2(0.3) 
1-3(0.3) 
Z33(0.1) 


1-1 (0.4) 
Z21 (0.2) 
Z6(0.1) 


1-1 (1) 


1-1 (0.05) 
233 (0.15) 
Z31 (0.3) 


PAG-X(0.6) 


m ^ 

CO ^ 


"55 "S 

SG 


S2.Cs. 

BE 


j£2^ to 


eg 


-3 « 


•3 » 

eg 


•3 a> 


"3 «* 

e^ 


CO Cli. 






Example 28 


Example 29 


Example 30 


Example 31 


Example 32 


Example 33 


Example 34 


Example 35 


Example 36 


Comparative 
Example 1 
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[0331] In each of the tables, the abbreviations are as follows. 



10 



15 



20 



25 



DBN: 1 ,5-Diazabicyclo[4.3.0]nona-5-ene 
TPI: 2,4,5-Triphenyl imidazole 
TPSA: Triphenylsulfonium acetate 
HEP: N-Hydroxyethylpyridine 
DIA: 2,6-Dtisopropylanillne 
DCMA: Dicyclochexylmethytamine 
TPA: Tripentylamlne 
TO A: Tir-n-octylamine 
HAP: Hydroxyantlpyrine 
TBAH: Tetrabutylammonium hydroxide 
TM EA: Tris(methoxyethoxyethyl)amlne 
PEA: N-Phenyldlethanolamine 

W-1 : Megaface F1 76 (manufactured by Dainippon Inlc and Chemicals, Incorporated) (fluorine based) 

W-2: Megaface R08 (manufactured by Dainippon Ink and Chemicals, Incorporated) (fluorine and silicon based) 

W-3: Polyslloxane polymer KP-341 (manufactured by Shin-Etsu Chemical Co., Ltd.) (silicon based) 

W-4: TroyI Sol S-366 (manufactured by Troy Chemical Industries, Inc.) 

A1 : Propylene glycol methyl ether acetate 

A2: 2-Heptane 

A3: Ethytethoxy propionate 

A4: T^Butyrolactone 

A5: Cyclohexanone 

B1 : Propylene glycol methyl ether 

82: Ethyl lactate 



30 



LCB: t-Butyl iithocholate 

[0332] The acid generator (PAG-X) is as follows. 



CF3(CF2)3S03- 

40 

[0333] Incidentally, in each of the tables, in the case of a plurality of resins or solvents were used, the designated 
ratio is a weight ratio. 

<Evaluation of reslst> 

45 

[0334] An anti reflection film, DUV-42 (manufactured by Brewer Science, Inc.) was uniformly coated in a thickness 
of 600 angstroms on a silicon substrate treated with hexamethyl disilazane using a spin coater, dried at 1 00 ""C for 90 
seconds on a hot plate, and then heated and dried at 190 ''C for 240 seconds. Thereafter, each of the positive resist 
solutions was coated thereon using a spin coater and dried at 1 20 *'C for 90 seconds to fonm a 0.30 ^thbk resist film. 
so [0335] The resist film was exposed by an ArF excimer laser stepper (manufactured by IS!, Inc. , NA = 0. 6) through 
a mask and immediately after the exposure, heated at 120 °C for 90 seconds on a hot plate. Further, the resulting 
resist film was developed with a 2.38 % tetramethylammonium hydroxide aqueous solution at 23 ^'C for 60 seconds, 
rinsed with pure water for 30 seconds, and then dried to obtain a line pattern. 

ss (1) Sensitivity: 

[0336] Exposure amount necessary for reproducing a 1/1 line-and-space mask pattern of 0.15 (im. 
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(2) Profile: 

[0337] A line profile of the 1/1 line-and-space of 0.15 [im was observed by a scanning microscope and evaluated 
according to the following criteria. 

A: The profile is completely rectangular. 

B: The profile is in a slight taper shape or somewhat tailing shape. 

C: The profile Is in a complete taper shape or complete tailing shape. 



10 

Table 5 







Sensitivity (mJ/cm^) 


Profile 




Example 1 


14 


A 


15 


Example 2 


11 


A 




Example 3 


10 


A 




Example 4 


13 


A 


20 


Example 5 


15 


A 




Example 6 


12 


A 




Example 7 


11 


A 




Examples 


15 


A 


25 


Example 9 


14 


A 




Example 10 


10 


A 




Example 11 


13 


A 


30 


Example 12 


15 


A 




Example 13 


11 


A 




Example 14 


13 


A 




Example 15 


13 


A 


35 


Example 16 


15 


A 




Example 17 


12 


A 




Example 1 8 


14 


A 


40 


Example 19 


13 


A 




Example 20 


15 


A 




Example 21 


12 


A 


45 


Example 22 


12 


A 


Example 23 


11 


A 




Example 24 


10 


A 




Example 25 


14 


A 


50 


Example 26 


10 


A 




Example 27 


13 


A 



Table 6 





Sensitivity (mJ/cm^) 


Profile 


Example 28 


13 


A 
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Table 6 (continued) 





Sensitivity (mJ/cm^) 


Profile 


Example 29 


11 


A 


Example 30 


13 


A 


Example 31 


15 


A 


Example 32 


11 


A 


Example 33 


10 


A 


Example 34 


12 


A 


Example 35 


14 


A 


Example 36 


.12 


A 


Comparative Example 1 


36 


B 



[0338] It is evident from Tables 5 and 6 that the positive resist compositions of Examples 1 to 36 are excellent with 
respect to sensitivity and pattern profile. 

20 

Examples 37 to 48 and Comparative Example 2: 
<Preparation of resist> 

25 [0339] Components as shown In Table 7 were dissolved in a solvent, and each of the solutions was filtered through 
a 0.1 pin potytetraftuoroethylene filter to prepare positive resist solutions each having a concentration of solid contents 
of 12% by weight. 

[0340] The thus prepared positive resist solutions were evaluated in the following methods. The results are shown 
in Table 9. 

30 



35 



40 



45 



50 



55 
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Dissolution inhibiting 
compound 

(g) 
















1 


1 


■ 


o ^ 


Solvent 
(weight ratio) 


^8 
< 

II 


^8 
II 


^8 
<c ^ 
II 


A3/B1 
= 80/20 


A2/B1 
= 90/10 


A4/B1 
= 90/10 


A1/B1 
= 50/50 


A1/B1 
= 90/10 


A5/B2 
= 90/10 


A1/B1 
= 95/5 


A1/B1 
= 90/10 


Surfactant 
(0.03 g) 


i 


W-1 


CM 


W-2 


W-3 


W-4 






3 




i 


Basic 
Compound 
is) 


OQ O 


QlS 


^ 5 


HEP 
(0.02) 


DIA 
(0.05) 


DCMA 
(0.03) 


TPA 
(0.01) 


TOA 
(0.005) 


TBAH 
(0.0015) 




HAP 
(0.01) 


Resin 
(10 g) 
(weight ratio) 


R-2 


R-7 


R-8 . 


R-9 


R-17 


R-23 


R-24 


R-2/R-23 
= 50/50 


R-17/R-2 

= 30/70 


R-2/R-22 
= 50/50 


m 

CO 


Acid 
generator 
(a) 


1-1 (0.6) 


. 1-2(0.5) 
Z33(0.15) 


1-3(0:3) 
Z46 (0.2) 


1-4 (0.3) 
Z44 (0.2) 


1-5(0.6) 
Z45(0.1) 


1-1 (0.3) 
Z31 (0.15) 


1-1 (0.05) 
Z33(0.15) 
Z31 (0.3) 


1-10(0.5) 


1-11 (0.1) 
Z3(0.2) 


1-8(0.2) 
Z34(0.2) 


1-14(0.1) 
Z1 (0.05) 
Z26(0.1) 




Examples/ 


Example 38 


Example 39 


Example 40 


Example 41 


Example 42 


Example 43 


Example 44 


Example 45 


Example 46 


Example 47 
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CD ^- 

CO o 
5 



CM 

t 

O 



< II 



o CO , 

45 O 

CO 



CD ^ 

CQ E 

o 

o 



O- O] CQ 



o 



^ CO ^ 



CSI 

s 



cn 


10 


CO 






>< 


M5 


Z33 


PAG- 



GO 
CL 

E 



o 
< 

II 



CM 

m O 

Q O 



T 

4; 



o 
u 

(0 

o 

CO 

c 
o 
a 
a 



x> 

Q> 
M 
D 
-M 
U 

m 
3 
c 



o 
o 
o 

CD 

04 
> 



0 

c 
>1 

4J 
0) 
>i 
X 

o 
u 
-o 

>1 
x: 

o 

04 



E 
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[0341 ] Molar ratios and weight average molecu lar weights of Resins (R-2) to (R'24) In Table 7 will be shown In Table 8. 

Table 8 



Resin 


Molar ratio of repeating units (corresponding to the orderf rom the left 

side) 


Weight average molecular weight 


R-2 


60/40 


12000 


R-7 


60/30/10 


18000 


R-8 


60/20/20 


12000 


R-9 


10/50/40 


13000 


R-17 


10/70/20 


15000 


R-22 


70/30 


12000 


fi-23 


10/60/30 


8000 


R-24 


50^0/30 


16000 



[0342] Structures of the dissolution Inhibiting compounds (C-1) and (C-2) in Table 7 are as follows. 



OR 
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0 
H 



R:-CH2-C-0-|- 



(C-2) 

<Evaluation of resist> 



[0343] Each of the prepared positive resist solutions was uniformty coated on a silicon substrate treated with hex- 
15 amethyl disilazane using a spin coater and dried at 120 ""C for 90 seconds to form a 0.3 (un-thick resist film. 

[0344] The resist film was irradiated using an electron beam projection lithography system (acceleration voltage: 
100 keV) (manufactured by Nikon Corporatton) and Immediately after the Incadiation, heated at 110 °C for 90 seconds 
on a hot plate. Further, the resulting resist film was evaluated for sensitivity in the same manner as in Example 1, 
except for developing with a 2.38 % tetramethylammonium hydroxide aqueous solution at 23 ^'C for 60 seconds, rinsing 
20 with pure water for 30 seconds, and then drying to form a line pattern of 1/1 line-and-space of 0.1 0 ^m. 



Table 9 





Seonsitivity 
(nC/cm2) 


Example 37 


5 


Example 38 


3 


Example 39 


6 


Exanfiple 40 


4 


Example 41 


4 


Example 42 


3 


Example 43 


4 


Example 44 


5 


Example 45 


6 


Example 46 


4 


Example 47 


6 


Example 48 


3 


Comparative Example 2 


14 



[0345] It is evident from Table 9 that the positive resist compositions of Examples 37 to 48 are excellent with respect 
to sensitivity. 

Examples 49 to 60 and Comparative Exannple 3: 



<Preparatlon of resist> 

[0346] Each of compositions as shown in Table 10 was filtered through a 0.1 ^m potytetrafluoroethylene filter to 
prepare negative resist solutions each having a concentration of solid contents of 12 % by weight. 
[0347] The thus prepared negative resist solutions were evaluated in the same manner as In Example 37. The results 
are shown in Table 11. 
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5 


Crosslinking 
agent 

(g) 


^ S 

o 


CL-2 
(3) 




3s 

o ^ 




to 

JiCO 

o ^ 


CL-7 

(2.5) 




CL-1 (2) 
CL-5 (2) 


CL-2(1) 
CL-7 (2) 


CL-1 
(2.5) 


lU 


























15 


Solvent 
(weight ratio] 


o 
^ o 

< ^ 

11 


O 

< ^ 
II 


o 

•r- O 
< 

II 


A3/B1 . 
= 80/20 


= 90/10 


A4/B1 
= 90/10 


A1/B1 

= 50/50 


A1/B1 
= 90/10 


A5/B2 
= 90/10 


A1/B1 
= 95/5 


A1/B1 
= 90/10 


20 


Surfactant 
(0.03 g) 


i 


i 


CM 


W-2 


w-3 




I 


W-4 


5: ■ 


% 


W-1 


25 


















































30 


Basic 
Compound 
(g) 


DIA 
(0.05) 




TOA 
(0.005) 


LU O 
I <=> 


DBN 
(0.03) 


DCMA 
(0.03) 


. TPA 
(0.01) 


Q. O 
1— ^ 


TBAH 
(0.015) 


TMEA 
(0.02) 


HAP 
(0.01) 


35 


Resin 

{10 g) 
(weight ratio) 


P-1 


p-2 


CO 

d. 


p-4 


P-5 


P-6 


P-l 


P-2/P-6 

(80/20) 


P-3 


1 


in 

fL 


40 


























45 


Acid 
generator 

(g)_ 


H (0.6) 


1-2(0.5) 
.Z33(0.15) 


1-3(0.3) 

246(0.2) ^ 


1-4(0.3) 
Z44(0.2) 


1-5(0.6) 
Z45(0.1) 


1-1 (0.3) 
Z31 (0.15) 


1-1(0.05) 
Z33(0.15) 
Z31 (0.3) 


1-10(0.5) 


1-11 (0.1) 
Z3(0.2) 


1-8 (0.2) 
Z34(0.2) 


1-14(0.1) 
Z1 (0.05) 
Z26(0.1) 


TaDie 10 




Example 49 


Example 50 


Example 51 


Example 52 


Example 53 


Example 54 


Example 55 


Example 56 


Example 57 


Example 58 


Example 59 
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Crosslinking 
agent 

(a) 




o ^ 


Solvent 
(weight ratio) 


AI/B1 
= 95/5 


o 

•r- C3 
< ^ 
II 


Surfactant 
(0.03 g) 


W-2 


W-1 


Basic 
Compound 

(g) 


DBN 
(0.002) 


Q o 


Resin 

(10 g) 
(weight ratio) 


P-6 


P.1 


Acid 
generator 

(9) 


1-15(0.3) 
Z33(0.15) 


PAG-X(0.6) 




Example 60 


Comparative 
Example 3 
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Table 11 





Seonsltivity 
(p.C/cm2) 


Example 49 


5 


Example 50 


3 


Example 51 


3 


Example 52 


6 


Example 53 


4 


Example 54 


3 


Example 55 


6 


Example 56 


5 


Example 57 


4 


Example 58 


3 


Example 59 


6 


Example 60 


5 


Comparative Example 3 


13 



[0348] It is evident from Table 1 1 thatthe negative resist cornpositlons of Examples 49 to 60 are excellent with respect 
to sensitivity. 

Examples 61 to 86 and Comparative Example 4: 
<Preparation of reslst> 

[0349] Each of compositions as shown In Table 12 was filtered through a 0.1 \un polytetrafluoroethyiene filter to 
prepare positive resist solutions each having a concentration of solid contents of 1 0 % by weight. 
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Component (C) 

(g) 


1 








1 


to — > 

_l — 










1 


Solvent 
(weight ratio) 


^ CD 
II 


CD 

< ^ 
tl 


o 

■r- O 
< 

II 


A3/B1 
• =80/20 


^ O 

< II 


A4/B1 
= 90/10 


A1/B1 
= 50/50 


A1/B1 
= 90/10 


A5/B2 
= 90/10 


A1/B1 . 
= 95/5 


A1/B1 
= 90/10 


Surfactant 
(0.03 g) 


i 


i 


W-2 






W-3 




I 


i 


W-1 




Basic 
Compound 

(g) 


CQ ^ 


TMEA 
(0.02) 


IPSA 
(0.02) 


HEP 
(0.01) 


TOA 
(0.03) 


TBAH 
(0.01) 


TPA . 
(0.007) 


DBN 
(0.02) 


QlS 

^ s. 


TPI 
(0.02) 


DLA 
(0.02) 


Resin (B) 
(10 g) 


1 


(FH-2) 


2 








(FII-7) 


2 . 


(FII-9) 


(FII-10) 


(FII-11) 


Acid 
generator 
(g) 


1-1 (0.6) 


1-2(0.5) 1 
Z33(0.15) 


1-3(0.3) 
Z46(0.2) 


1-4(0.3) 
244(0.2) 


1-5(0.6) 
245(0.1) 


1-1 (0.3) 
231 (0.15) 


1-1 (0.05) 
233(0.15) 
231 (0.3) 


1-10(0.5) 


1-11 (0.1) 
23(0.2) 


1-8(0.2) 
234 (0.2) 


1-14(0.1) 
21 (0.05) 
226(0.1) 




Example 61 


Example 62 


Example 63 


Example 64 


Example 65 


Example 66 


Example 67 


Example 68 


Example 69 


Example 70 


Example 71 
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5 


Component (C) 
(g) 




1 


• 


1 


1 




1 


1 


1 


1 


• 


1 


10 




























15 


Solvent 
(weight ratio) 


A1/B1 
= 95/5 


A1/B1 
= 95/5 


A1/B1 
= 95/5 


A1/B1 
= 80/20 


O 

^ o 

< 'Jj- 


o 
^ o 

< 

II 


O 

^ o 

< 

II 


A1/B1 
= 95/5 


A1/B1 
= 95/5 


A1/B1 
= 95/5 


A1/B1 
= 80/20 


A1/B1 
= 90/10 


20 


Surfactant 
(0.03 g) 




W-3 




? 


i 




w-4 




i 


i 


W-1 


W-2 


25 




























30 


Basic 
Compound 

• (g) 


DLA (0.01) 
HAP (0.01) 


CO 

Q. O 


DBN 
(0.02) 


DLA 
(0.02) 


1— o 


- TPI 
(0.03) 


DCMA 
(0.01) 


TPI 
(0.02) 


— CO 

2: 


DBN 
(0.02) 


DLA (0.01) 
HAP (0.01) 


TPSA 
(0.02) 


35 


Resin (B) 
(10 g) 


(FII-12) 


(FIH3) 


(FII-14) 


(FII-15) 


(FII-16) 


(FII-17) 


(FII-18) 


(FII-19) 


(FII-20) 


(FII-21) 


(FII-22) 


(FII-23) 


40 




























45 


Acid 
generator 

(g) 


1-15(0.3) 
Z33(0.15) 


. 1-16(0.3) 
Z14 (0.1) 


1-17(0.2) 
Z21 (0.3) 
233(0.075) 


1-18(0.2) 
27(0.05) 
Z2(0.1) 


1-19(0.1) 
Z33 (0.2) 


1-20(0.1) 
233 (0.2) 


1-21 (0.2) 
222(0:2) 


1-22 (0.3) 
229(0.1) 
235 (0.2) 


1-23(0.2) 
217(0.2) 


1-24(0.2) 
232(0.2) 


1-25(0.5) 
28(0.1) 


1-26(0.4) 
241(0.15) 


50 
55 




Example 72 


Example 73 


Example 74 


Example 75 


Example 76 


Example 77 


Example 78 


Example 79 


Example 80 


Example 81 


Example 82 


Example 83 



77 



EP 1406 122 A2 



Gomponent(C) 
(9) 


1 


• 


1 


1 


Solvent 
(weigtit ratio) 


A3/B2 
= 80/20 


o 
^ o 

< 

II 


O 

««- o 

< ^ 

n 


^ CD 

< ^ 
II 


Surfactant 
(0.03 g) 


W-2 


w-1 


i 


i 


Basic 
Compound 
(g) 


HEP 
(0.01) 


m o 
Q O 


m o 
Q O 


CD CD 


CO ^ 


(FII-24) 


(FII-25) 


(FII-26) 


(FIM) 


Acid 
generator 

(g) 


1-27(0.1) 
Z5(0.15) 


1-28(0.15) 
Z13(0.15) 


1-29(0.7) 
Z12 (0.1) 


PAG-X(0.6) 




Example 84 


Example 85 


Example 86 


Comparative 
1 Example 4 
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<Evaluation of resist> 

[0350] Each of the positive resist solutions was coated on a silicon wafer treated with hexamethyl disilazane using 
a spin coater and heated and dried at 120 for 90 seconds using a vacuum adhesion type hot plate, to form a 0.1 
5 jim-thlck resist film. 

[0351] The obtained resist film was exposed using a laser, exposure/dissolution behavior analyzer of 157 nm, 
VUVES-4500 (manufactured by LItho Tech Japan Corporation) and immediately after the exposure. . heated at 120 
for 90 seconds on a hot plate. Further, the resulting resist film was developed with a 2.38 % tetramethylammonium 
hydroxide aqueous solution for 60 seconds and rinsed with pure water to obtain sample wafers. These sample wafers 
10 were evaluated for sensitivity and profile in the same manner as in Example 1 . The results are shown in Table 13. 



Table 13 



15 




Sensitivity 
(mJ/cnfi2) 


Profile 


Example 61 


3 


A 




Example 62 


3 


A 




Example .63 


2 


A 


20 


Example 64 


4 


A 




Example 65 


3 


A 




Example 66 


5 


A 


25 


Example 67 


2 


A 


Example 68 


3 


A 




Example 69 


4 


A 




Example 70 


4 


A 


30 


Example 71 


5 


A 




Example 72 


4 


A 




Example 73 


2 


A 


35 


Example 74 


4 


A 


example /o 




A 

A 




Example 76 


5 


A 




Example 77 


4 


A 


40 


Example 78 


2 


A 




Example 79 


3 


A 




Example 80 


5 


A 


45 


Example 81 


2 


A 




Example 82 


3 


A 




Example 83 


4 


A 




Example 84 


2 


A 


SO 


Example 85 


2 


A 




Example 86 


4 


A 




Comparative Example 4 


8 


C 



[0352] It is evident from Table 1 3 that the positive resist compositions of Examples 61 to 86 are excellent with respect 
to sensitivity and profile. 

[0353] Incidentally, though ArF excimer laser, electron beams and F2 excimer laser are used as the actinic rays in 
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the foregoing Examples, it Is predicted that the resist compositions of the Invention exhibit the same effects against 
EUV rays. 

[0354] According to the invention. It is possible to provide photosensitive compositions having excellent sensitivity 
and profile. 

5 [0355] This application is based on Japanese patent application JP 2002-279273, filed on September 25, 2002, the 
entire content of which is hereby incorporated by reference, the same as If set forth at length. 



Claims 

10 

1 . A photosensitive composition comprising a compound capable of generating an acid upon irradiation with an actinic 
ray, the compound being represented by the following general formula (1): 



20 




wherein represents an alkyi group; 
^5 R2 represents a hydrogen atom, an alkyI group, or an aryl group; 

Y represents an alkyI group; 

and Yg may be the same or different and each represents an alkyI group, an aryl group, an aralkyi group, 
or a hetero atom-containing aromatte group; 

and Rg may be bonded to each other to fomrt a ring; 
30 Rg and Y may be bonded to each other to fornn a ring; 

Y-i and Y2 may be bonded to each other to fomi a ring; 

two or more structures of the general formula (I) may be bonded to each other at any position of R^, R2 or 
Y, or Y^ or Y2 via a connecting group; and 
X' represents a non>nuc1eophllic anion. 

35 

2. A positive photosensitive composition comprising: 

(A) a compound capable of generating an acid upon irradiation with an actinic ray, the compound being rep- 
resented by the following general fonmula (1); and 
40 (B) a resin that is decomposed by the action of an add to increase its solubility in an alkaline devetoper 



45 



50 




(I) 



wherein represents an alkyI group; 

R2 represents a hydrogen atom, an alky! group, or an aryl group; 
Y represents an alkyI group; 

^ Y^ and Y2 may be the same or different and each represents an alkyI group, an aryl group, an aralkyi group, 

or a hetero atom-containing aromatic group; 

R^ and R2 may be bonded to each other to fomri a ring; 
R2 and Y may be bonded to each other to form a ring; 



80 



EP 1406 122 A2 



and Y2 may be bonded to each other to fomn a ring; 
two or more structures of the general fomnula (I) nnay be bonded to each other at any position of R^, R2 or 
Y, or Y-i or Y2 via a connecting group; and 
X' represents a non-nucleophilic anion. 

The positive photosensitive composition as described in claim 2, wherein the resin (B) contains a hydroxystyrene 
stnu^ural unit. 

The positive photosensitive composition as described In claim 2, wherein the resin (B) contains a monocyclic or 
polycycllc alicydlc hydrocarbon structure. 

The positive photosensitive composition as described In daim 4, wherein the resin (B) further contains a repeating 
unit having a lactone structure. 

The positive photosensitive composition as described in daim 2, wherein the resin (B) contains a fluorine atom. 

The positive photosensitive composition as described In daim 2, which further comprises (C) a dissolution Inhibiting 
compound having a molecular weight of not more than 3,000, which is decomposed by the action of an add to 
increase its solubility in an alkaline developer. 

A positive photosensitive composition comprising: 

(A) a compound capable of generating an acid upon Irradiation with an actinic ray, the compound being rep- 
resented by the following general formula (I); 
(D) an alkaline developer-soluble resin; and 

(C) a dissolution Inhibiting compound having a molecular weight of not more than 3,000, which is decomposed 
by the action of an add to Increase its solubility In an alkaline developer 



wherein represents an alkyi group; 

R2 represents a hydrogen atom, an alkyI group, or an aryl group; 
Y represents an aikyi group; 

Y^ and Y2 may be the same or different and each represents an alkyi group, an aryl group, an aralkyi group, 
or a hetero atom-containing aromatic group; 

Ri and R2 way be bonded to each other to form a ring; 
R2 and Y may be bonded to each other to fonri a ring; 
Y^ and Y2 may be bonded to each other to form a ring; 

two or more structures of the general formula (I) may be bonded to each other at any position of R^, R2 or 
Y, or Y^ or Y2 via a connecting group; and 
X~ represents a non-nudeophilk: anion. 

A negative photosensitive composition comprising: 

(A) a compound capable of generating an acid upon inxidiation with an actinic ray, the compound being rep- 
resented by the following general fonmula (I); 

(D) an alkaline developer-soluble resin; and 

(E) an acid crosslinking agent capable of crossiinking with the alkaline developer-soluble resin by the action 
of an acid: 




Y, 
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wherein represents an alkyl group; 

Rg represents a hydrogen atom, an alkyl group, or an aryl group; 
Y represents an alkyl group; 

'5 Yi and Yg may be the same or different and each represents an alkyl group, an aryl group, an aralkyi group, 

or a hetero atom-containing aromatb group; 

and Rg may be bonded to each other to fonn a ring; 
R2 and Y may be bonded to each other to form a ring; 
Y^ and Yg may be bonded to each other to fomn a ring; 
20 two or more structures of the general fomiula (I) may be bonded to each other at any position of R^, R2 or 

Y, or Yi or Y2 via a connecting group; and 
X* represents a non-nudeophilb anion. 

10. The photosensitive composition as descnlsed in claim 1 , which further comprises (F) a basic compound. 

25 

11. The photosensitive composition as described in claim 1, which further comprises (G) a surfactant containing at 
least one of a fluorine atom and a silicon atom. 

1 2. The photosensitive composition as described in claim 1 , wherein each of the Rg and Y In the fomiula (I) represents 
30 an alkyl group having 1 to 20 cart)on atoms. 

13. The photosensitive composition as described in claim 1 , which further comprises at least one of an arylsulfonium 
compound and a compound having a phenacylsulfonium salt stmcture. 

35 14. An acid generator represented by the following general fomnuia (I): 



40 




wherein R^ represents an alkyl group; 

R2 represents a hydrogen atom, an alkyl group, or an aryl group; 
Y represents an alkyl group; 

Y^ and Yg may be the same or different and each represents an alkyl group, an aryl group, an aralkyi group, 
or a hetero atom-containing aromatic group; 

Ri and Rg may be bonded to each other to fomri a ring; 
R2 and Y may be bonded to each other to fomi a ring; 
Y^ and Y2 may be bonded to each other to fonm a ring; 

two or more structures of the general formula (i) may be bonded to each other at any position of R^, Rg or 
Y, or Y-t or Yg via a connecting group; and 
X~ represents a non-nucleophilic anion. 

15. A method .of fomning a resist pattem, which comprises: fonning a film Including the photosensitive composition 
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described in claim 1 ; irradiating the film with an actinic ray; and developing the in^adiated film. 

5 

10 
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